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PREFACE 



I 



The portrayal of Islamic science which follows may surprise 
some readers both West and East, if for very different reasons. 
There can be no question as to the author’s qualifications or 
his familiarity with our Western point of view. Seyyed Hossein 
Nasr, an Iranian by birth, breeding, and early education, also 
studied in Europe and graduated in physics from the Massa- 
chusetts Institute of Technology, where he developed in his 
undergraduate years a strong interest in the history of scien- 
tific thought as ‘I was teaching it. He went on then to Harvard 
for graduate studies in geology and geophysics, but soon de- 
cided to make history of science a career, and obtained a Ph.D. 
in the subject in 1958. He has been teaching it ever since at 
the University of Tehran. His Western background makes it 
all the more significant that we should find here the passionate, 
direct, and uncompromising statement of a modem Muslim, 
who deeply believes in the coming rebirth of his own civili- 
zation. 

His text is a new departure in many ways. Islamic culture is 
too often presented as the indispensable link between Antiquity 
and our Middle Ages, but the achievement of its historic mis- 
sion is implied when it has handed on the texts and techniques 
of the Greeks. This is a way of turning a great civilization into 
a service department of Western history. It is the merit of 
Dr. Nasr to have shown convincingly that the mind and cul- 
ture of Islam embrace a far wider arc, and that the cultivation 
of the Greek heritage is only a phase in the development of 
an essentially independent thought. 

What is central in other histories becomes here incidental. 
The figure of Aristotle is commonly accepted as the great 
shaping influence of Islamic thought. He was for the Muslims 
“the Philosopher” par excellence, his systems and logical dis- 
tinctions harmonizing so well with their taste for encyclo- 
pedism and grammatical sharpness. Yet for the author, “phi- 
losophy” in that sense remains a foreign body, and Aristotle 
is shipped back unceremoniously to the West where he be- 
longs, together with Averroes, his greatest disciple. 



v 



vi Science and Civilization in Islam 

The fact is that for Dr. Nasr Islamic thinking is still pro- 
foundly alive, and Aristotle only a monument of the past. No 
Neo-Thomist nostalgias here. If there is something enduring, 
an immortal spirit in Muslim thought, it is, in the mind of 
Dr. Nasr, to be found in its retreat from the rationalizing and 
secular attitude of Hellenistic tradition — in its retreat even 
from the trials and tumult of history — to become more fully 
conscious of its own vocation as a Near Eastern religious com- 
munity. If Greek thought had fueled the phase of splendor 
and expansion, there is a further phase which to the outside 
(critical) historian may look like stagnation and squalid decay, 
but seen from the inside may reveal itself as a maturing of 
consciousness, the moment of spiritual insight and timeless 
hikmah (wisdom) to replace time-bound discursive philosophy. 
And indeed in Islam we see, from the time when it recedes 
from the forestage of history, the growth of an imposing new 
metaphysics which took the name of Sufism, in which the 
Greek Neoplatonic element inspires the unitary vision of Jus- 
tice, Harmony, and controlled Order extending to the whole 
cosmos and reflecting back on man’s life. 

From the earliest beginnings of Near Eastern thought, the 
cosmos is regarded as a unified entity which embraces the 
whole of being; so that human societies have to reflect the 
divine rulership. This is what endures. Islamic philosophy 
makes its way through Greek science, through the emanations 
and intelligences of Plotinus, to concentrate upon the one 
divine principle from whom all being is derived, in whose 
overwhelming Presence all reality is dissolved into the “world 
of similitude,” all conscious existence becomes a Surrender — 
islam. Directly from that Presence issues the Prophet, the 
“Cosmic Man,” and what he institutes is as complete and 
immovable as the Cubic Stone of the Kaaba. 

This is the vision, and it implies a complete order and 
hierarchy in the Universe, from the ninth heaven to the rock 
buried deep in the earth, and that order is reflected in the law 
and the order of society. As temporal justice and tangible 
society decay beyond repair, the mind of the sage retreats 
into the invisible order entrusted to God’s chosen ones, the 
unknown Saints in their hierarchy, ever headed by the mystical 
Pole, the Qutb, who still protect the Community of the Faith- 
ful. Thus the four-square integrity of the whole remains in- 
variant, but with the passing of time a growing part of it is 
removed from the visible to the suprasensible realm. Dr. Nasr 
has shown that the withdrawal begins, not with the fracturing 
of the political body of Islam, but before it, in the midst of the 
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golden age of success, before the ascendancy of the meta- 
physical doctrines of Sufism. The change belongs thus to the 
intrinsic nature of the Community, and a unitary evolution is 
seen over the whole arc of time to the present. Something very 
similar occurred in the Christian West, if we are to believe 
so Roman Catholic a writer as Francois Mauriac, who wrote 
that Christendom had been changing from a visible cathedral 
into a stellar system. 

This line of evolution is conceived as beginning very early 
in the life of the new faith, and continued right into our own 
times. It is the story of a thought which goes on forever inside 
an orthodoxy, and never breaks out sharply into secularism as 
has happened with us. This is also, we should add, what allows 
the religious ideas of other Eastern cultures to converge into 
it through the centuries. The transition from the time-bound 
into the timeless, from reason to the suprarational, does not 
take place at one point either, nor does it coincide simply with 
political decay, as appears too often in the cliches about his- 
tory. It did not in the Near East any more than it did in An- 
tiquity. In showing the early thickening web of suprarational 
elements in c Umar Khayyam and Avicenna, Dr. Nasr has 
proved his thesis. 

One wishes only at times that he had not drawn so tight the 
web of orthodox piety as to leave in an uncomfortable and 
slightly alien position, along the course of time, men who 
stand out more clearly as representing the scientific temper. 
These men do not belong to the phase of withdrawal, but to 
the phase of world leadership; they are good Muslims and true, 
and a glory of their civilization. Therefore, since this is a his- 
tory centered on science, I feel they should have been pre- 
sented in bolder relief. In al-BIrunl, the greatest scientist of 
Islam, we meet a mind in no wise different from the Western 
lay scientific mind at its best. His religious faith is secure but 
carried lightly, without protestations. It does not impede his 
freedom of judgment, his love of fact, his free-wheeling curi- 
osity, his easy sarcasm, his strict and watchful cult of intel- 
lectual integrity. We recognize soon, in al-BIrunl, the Scientist 
without qualifications as we mean him, as he has been under- 
stood again and again, and the same may be said of the other 
great men of his ilk — observers, experimenters, analysts, such 
men as Rhazes, Alhazen, al-Battanl, Averroes. This is what 
the Islamic intellect was able to bring forth during the golden 
age, as well as later, and they surely need no apologies for their 
perhaps-a-shade-too-secular attitude, nor deserve the hint that 
they were out of step with their own culture. 
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In any case, they would have been equally out of step with 
the culture of our own Middle Ages. Let us then simply con- 
clude — and the author, who entertains such warm brotherly 
feelings for that culture, would certainly agree — that Islam has 
throughout retained medieval characteristics. It has - in fact 
reinforced them in the passing of time, returning to a science 
of the soul which almost blots out the science of nature. This 
will tell us why the pious clause, the unremitting reverence, 
the sensus eminentior, take a place in these texts which might 
seem excessive to the modem Western eye. The conciliation 
of many shades of thought, of many voices, in an intellectual 
harmony and a kind of inbred concordance was of the very 
nature of Islamic wisdom. But as in law, so in philosophy, it 
did not prevent organic differences from taking shape. The 
clauses of style of a civilization deeply imbued with orthodoxy 
and pious wisdom cannot but sound foreign and sometimes 
wearisome to us. On the other hand, of the intellectual ele- 
ments, very few will escape recognition to the Western mind, 
since they can, most of them, be traced back to the great 
Alexandrian melting pot. The conceptual elements of Islamic 
mysticism itself are to be found already in Neoplatonic litera- 
ture. The author sometimes seems to forget it. But it is his 
merit to have made us feel that they live a new and charmed 
life in the delicate fervor of Islamic piety. 



II 



Fervor cannot go without partisanship, and Dr. Nasr refers 
more than once with a touch of Scorn to the “unilateral” 
quantitative character of modern science. Of that unilateral 
aspect we are only too sadly aware, but the way to overcome it 
has been more often discoursed upon than clearly marked. We 
hope that Dr. Nasr’s treatment may do something toward dis- 
pelling the clouds. We all are ready to wish that someone 
could reveal to us how the merely quantitative element beclouds 
the “true relations”-— -qualitative, intuitive — which seem to 
shine forth in the activity of natura naturans; but it remains a 
wish. Beyond this wish there are staggering philosophical 
hurdles to be overcome. Science has forever been going the 
other way. Johann Kepler himself, a witness whom Dr. Nasr 
can hardly refuse, wrote: “As the eye for colors, as the ear for 
sounds, so the mind is made for grasping quantitative rela- 
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tions.” He deeply believed in the virtues of Pythagorean magni- 
tudes, but he had come to the conclusion that the “Light of 
nature” only shines intelligibly on the strict mathematical 
plane. He would have answered Jabir the alchemist with his 
numerology as ironically as he answered Robert Fludd, the 
master of Hermetic theosophy, who also claimed a hidden 
science of numbers and impulses issuing from nature herself. 

All in all, in passionately defending the essential wholeness 
and integrity of his culture down to modern times, Dr. Nasr 
is willing to lay himself open to doubt, but the issues he raises 
in our minds are so rewarding as to force our gratitude even 
when we disagree totally. 

Thus, the silence of later Muslim astronomy with respect to 
the Copernican system is in his mind the result of a considered 
choice, and a choice dictated by wisdom. “As long as the hier- 
archy of knowledge remained preserved and intact in Islam, 
and scientia continued to be cultivated in the bosom of sapien- 
tia, a certain limitation” of the physical domain was accepted 
in order to preserve the freedom of expansion and realization 
in the spiritual domain. “The wall of the cosmos was preserved. 
It was as if the old scientists and scholars foresaw that the 
breaking of those walls would also destroy the symbolic con- 
tent of the cosmos . . . and so, despite all the technical possi- 
bility, the step toward breaking the traditional world view was 
not taken.” 

One might wonder whether the author is not making a virtue 
of necessity. He does not raise the question whether the ^condi- 
tion and prestige of Muslim astronomers from a.d. 1650 on, 
four centuries after al-Ghazzall had “saved orthodoxy by de- 
pressing science,” would have allowed them to propose such 
a bold innovation without being lynched as SuhrawardI was. 
The simple fact is that they stayed put, and the author does not 
gloss over the consequences : that up to our days, the traditional 
curriculum of Muslim universities has gone on teaching 
Ptolemaic astronomy, embedded in a frame of geocentric 
cosmology and philosophy, with a “modem” system available 
as an option but presented as “hypothesis.” This last is an 
ancient term, which means simply that it is separated from all 
its implications. Can “one modem system” be taught without 
the whole framework of modern science? Or does the student 
use its elementary schemes as quodllbeta to play with as 
against the theory of the equant? In what way does he preserve 
his intellectual integrity? 

These are questions the author leaves unanswered, but he 
allows them to stand out starkly in our mind. At least he stands 
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up for his past and does not throw it into the ashcan, as so many 
of his contemporaries do. Nor does he shun the confrontation 
with the West, as Muslims are often apt to do. With true 
brotherly feeling, as I said, he insists on the parallelism between 
the Muslim and the Christian Middle Ages, which seem to him 
to have expressed a common truth. But once the common 
frame has been set up, comparisons force themselves upon us. 
Copernicus and Kepler believed in cosmic vision and wholeness 
as much as any Muslim ever did, but when they had to face the 
“moment of truth” they chose a road which apparently was not 
that of sapientia: they felt they had to state what appeared to 
be the case, and that on the whole it would be more respectful 
of divine wisdom to act thus. In so doing, they did more than 
save science: they saved the intellectual integrity of generations 
to come, and with it our own civilization. The split between 
sapientia and integrity is one of the most disturbing issues of the 
book. But that intellectual integrity should be claimed by no 
one as a privilege. Does Dr. Nasr think that al-BIruni would 
have behaved any differently from Copernicus and Kepler, had 
he lived in their time? All that we know of that sage tells us that 
he would not. The ideal of knowledge of the great Islamic 
astronomer was as exacting as theirs. But, even as happened in 
Greece, there came a time in Islam when science thought it 
could not take chances, that it had to yield to the “higher rea- 
sons” of philosophy. Here as there, it meant that irreparable 
change had set in; in both cases, historians have been largely 
right in speaking of decadence and stagnation and squalor. In 
both cases, however, something was being born. In the West, 
it was that utterly new and startling thing, Christianity, brought 
in from the Near East. In Islam, it came from its own Eastern 
roots, closer to it than science had ever been: it was Sufism. As 
Christian Europe, already a thousand years old, opened itself 
to new secular adventures, Islam was closing in on its 
origins. 

The decline of science inside a great culture is in itself a fas- 
cinating study and a terrible object lesson. We can find here the 
key, in the documents that allow us to judge for ourselves, of the 
showdown between Averroes and al-Ghazzilf. Averroes speaks 
with the clarity and passionate honesty that we would expect 
of him, for here was the great Greek tradition at bay, whereas 
al-Ghazz&H’s famous eloquence, undistinguished intellectually 
as it is, and to us ethically uninspiring, went to building up the 
whirlwind of intolerance and blind fanaticism which tore down 
not only science, but the very School system and the glorious 
ijtihsd, the Interpretation of the Quran. For giving us those 
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documents straight, the author has earned our gratitude, for he 
well knows that we are bound to read them our own way. As 
we have said, his comments are as significant as the texts them- 
selves, since they show us the difference between two worlds. 
On one point only we would take exception: his likening of 
al-Ghazzall to Aquinas. The two personalities are not com- 
mensurable. If anything, al-Ghazzalfs chief argument that 
physical causes are not true causes, but only “occasions” for 
God’s direct intervention, shows him to be, paradoxically 
enough, the counterpart of men like Malebranche in our world. 
But the great and candid mind of Malebranche knew how to 
turn “occasionalism” to a far different purpose: it provided, in 
fact, the starting-point for Leibniz’s profound scientific innova- 
tion. Such are the strange ways of History. Yet certain con- 
stants remain universal. We can admire the insight of Alhazen, 
for all that he was a “mere” scientist: “Those who would de- 
stroy science are really undermining religion.” It was curtains 
not only for science in Islam, but for sapientia as well, insofar 
as the term refers at all to this world. We shall notice that 
Avicenna himself was eventually branded with heresy. Only 
pure contemplative gnostic “illumination” remained intact. 

There is no doubt for us that after the age of the Almohades 
the creative vigor of Islam wanes in speculative thought as well 
as in poetry, and the Islamic way of life becomes a tenacious 
survival of something which had once been great, whole, and 
new. But it should be considered that while by that time the 
legal and theological structure of both the Sunni and the Shiite 
wings of that culture had been concluded and consolidated, the 
political issues were being deadened by the expanding 
hegemony of the Turks. The crumbling secular system could 
no longer hold men in line for great collective enterprises, but 
in lieu of it came the invisible, subtle, overall presence of the 
personal mystical experience. 

In fact, let me quote on the present thesis an appraisal by Sir 
Hamilton Gibb, than whom there is no one more qualified to 
speak on Islamic thought: 

Whence the mystical cosmology came and how it entered Sufi 
thought has been set out for the first time by Seyyed H ossein 
Nasr in full and scholarly detail. It is almost a startling revela- 
tion that its foundations were laid by the philosophical schools 
of the “Golden Age,” and that no other than Avicenna himself, 
the “second master” of Aristotelian philosophy, furnished it 
with its cosmological symbolism. That it was the heirs of Hel- 
lenistic culture who generated the final flowering of Dlumina- 
tionist Sufism seems the greatest paradox of all. 
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This paradox, Sir Hamilton agrees, can only be explained by 
the working of an inner reason which worked toward a final 
elaboration of the central theme. 



Giorgio de Santillana 



FOREWORD 



When Science and Civilization was published originally in 1968 
by the Harvard University Press, it was the first work in the 
English language to deal with the whole of Islamic science. Based 
on a century of scholarship by Western historians of science and 
Islamicists as well as the scholarship of Muslim scholars, the work 
sought to present Islamic science not as a chapter in the history of 
Western science, but as an integral aspect of Islamic civilization 
and the Islamic intellectual tradition. Since the book departed 
from the Western norm of studying the history of science, it faced 
criticism not only from many Western scholars imbued with the 
positivistic philosophy which has dominated the history of science 
in the West since Ernst Mach, but also from Westernized Muslim 
scholars, not to speak of the so-called fundamentalist Muslims 
who, while rejecting verbally Western thought, often accept 
scientism without the least resistance or critical examination. 
Nevertheless, the work has continued to be read extensively in 
both the Islamic world and the West. 

Since its first printing, Science and Civilization in Islam has 
appeared not only in paperback in America but also in local 
editions in Pakistan and Malaysia. It has been translated into 
Italian and French and also Urdu and Persian, and it has incited 
a great deal of debate among Muslim thinkers concerned with the 
nature of Islamic science, how it should be studied and the relation 
between Islam and science in general. 

During the twenty years since its publication, a great deal of 
research has been carried out in certain fields of Islamic science. 
Later astronomy of the School of Maraghah is now much better 
known than when we wrote this work. Mamluk astronomy and 
astronomical activity in Yemen have become new fields of 
research. A number of important studies in early Islamic mathe- 
matics have added much to our knowledge of this central branch 
of Islamic science. Many new discoveries have been made in 
Islamic medicine and pharmacology especially of later centuries. 
A number of significant works have appeared in certain types of 
cosmology such as that of the early Isma‘IHs and also later philo- 
sophical and mystical writers, while the whole relation between 
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Foreword 



Islamic science, philosophy and Sufism has received extensive 
attention by scholars especially those in the Islamic world. 

To write a new book on Islamic science would require 
integrating all such studies into a comprehensive work which we 
hope will be written one day. Likewise, the present book would 
need certain revisions in the sections dealing with the history of 
each discipline if it were to be re-written, but the general contour 
of the historical accounts remains valid. As for the conceptual 
framework and the ideas presented in this work concerning the 
meaning of Islamic science, methods to study it, the relation of 
Islamic science to other branches of Islamic thought, the place of 
science in Islamic education, the figure of the teacher, and the 
ultimate goal of knowledge, they have not changed for us as a 
result of the scholarship of the past two decades. On the contrary, 
our own research and what we have learned from the works of 
other scholars confirms even more firmly than before the 
perspective presented here and formulated when this book was 
first conceived some thirty years ago. We continue to stand by not 
only the translations and the choice of citations from various 
Muslim scientists and thinkers presented here, but also the con- 
ception of Islamic science, its meaning and how it should be 
studied from within the Islamic perspective as developed in this 
book. 

During the past two decades, gradually a number of Muslim 
scholars and scientists have come to realize the gravity of the 
situation created by the blind emulation of Western science and 
technology, and many have awakened from the slumber of an 
earlier Muslim generation which did not perceive the dangers 
confronting the Islamic world and which continued to extol its 
own civilization solely on the basis of the fact that it had created 
a science which had in turn contributed to Western science. Today 
many realize that Islamic science is not Islamic simply because it 
was cultivated by Muslims but because it is related to the 
principles of Islam. This group has become to an ever greater 
degree aware of the fact that Islamic science, although of great 
influence upon Western science, is another type of science of the 
natural domain than what today in the West is called science in an 
“absolute” sense. Such thinkers have begun to speak of the 
Islamization of knowledge and the creation of an Islamically 
oriented educational system within which science could be taught. 

The present book has played and continues to play a humble 
role in this historic debate. It continues to be taught and studied in 
many universities in both the Islamic world and the West. We are 
therefore pleased that it is being reprinted. May the new edition 
help those who are concerned with the question of Islamic 
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science in its relation to Islamic civilization as well as the relation 
between Islam and science today to benefit from those wise 
Muslim scientists, savants and hakims whose thoughts and words 
are translated and studied in this book. Their thoughts and 
words are precious because they transmit to us a science which is 
always rooted in God while studying His creation; a science which 
reflects systematic knowledge of nature without ever forgetting 
the Author of Nature Who has inscribed His Wisdom upon every 
leaf and stone and who has created the world of nature in such a 
way that every phenomenon is a sign {Qyah) singing in silent music 
the glory of His Oneness. 

Seyyed Hossein Nasr 

Washington , d.c. 

12 Dhu'l-Qa'dah 1407 (a.h.) 

July 9, 1987 
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INTRODUCTION 



A. The Principles of Islam 



The history of science is often regarded today as the 
progressive accumulation of techniques and the refinement of 
quantitative methods in the study of Nature. Such a point of 
view considers the present conception of science to be the 
only valid one; it therefore judges the sciences of other civili- 
zations in the light of modern science and evaluates them 
primarily with respect to their “development” with the pas- 
sage of time. Our aim in this work, however, is not to exam- 
ine the Islamic sciences from the point of view of modern 
science and of this “evolutionistic” conception of history; it 
is, on the contrary, to present certain aspects of the Islamic 
sciences as seen from the Islamic point of view. -■ 

To the Muslim, history is a series of accidents that in no 
way affect the nontemporal principles of Islam. He is more 
interested in knowing and “realizing” these principles thanin 
cultivating originality and change as intrinsic virtues. The 
symbol of Islamic civilization is not a flowing river, but the 
cube of the Kaaba, the stability of which symbolizes the 
permanent and immutable character of Islam. . 

Once the spirit of the Islamic revelation had brought into 
being, out of the heritage of previous civilizations and through 
its own genius, the civilization whose manifestations may be 
called distinctly Islamic, the main interest turned away from 
change and “adaptation.” The arts and sciences came to pos- 
sess instead a stability and a “crystallization” based on the 
immutability of the principles from which they had issued 
forth; it is this stability that is too often mistaken in the West 
today for stagnation and sterility. 

The arts and sciences in Islam are based on the idea of 
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unity, which is the heart of the Muslim revelation. Just as 
all genuine Islamic art, whether it be the Alhambra or the 
Paris Mosque, provides the plastic forms through which one 
can contemplate the Divine Unity manifesting itself in mul- 
tiplicity, so do all the sciences that can properly be called 
Islamic reveal the unity of Nature. One might say that the 
ayn of all the Islamic sciences — and, more generally speaking, 
of alt the medieval and ancient cosmological sciences — is to 
show the unity and interrelatedness of all that exists, so that, 
in contemplating the unity of the cosmos, man may be led 
to the unity of the Divine Principle, of which the unity of 
Nature is the image. 

To understand the Islamic sciences in their essence, there- 
fore, requires an understanding of some of the principles of 
Islam itself, even though these ideas may be difficult to ex- 
press in modern terms and strange to readers accustomed to 
another way of thinking. Yet a statement of these principles 
is necessary here, insofar as they form the matrix within 
which the Islamic sciences have meaning, and outside of 
which any study of them would remain superficial and in- 
complete. 

Islamic civilization as a whole is, like other traditional civi- 
lizations, based upon a point of view: the revelation brought 
by the Prophet Muhammad is the “pure” and simple religion 
of Adam and Abraham, the restoration of a primordial and 
fundamental unity. The very word isldm means both “sub- 
mission” and “peace”— or “being at one with the Divine 
Will.” 

The creed of Islam — “there is no divinity other than God 
and Muhammad is his prophet” — summarizes in its simplicity 
the basic attitude and spirit of Islam. To grasp the essence of 
Islam, it is enough to recognize that God is one, and that the 
Prophet, who is the vehicle of revelation and the symbol of 
all creation, was sent by him. This simplicity of the Islamic 
revelation further implies a type of religious structure differ- 
ent in many ways from that of Christianity. There is no 
priesthood as such in Islam. Each Muslim — being a “priest”— 
is himself capable of fulfilling all the religious functions of his 
family and, if necessary, of his community; and the role of 
the imam, as understood in either Sunni or Shia Islam, does 
not in any way diminish the sacerdotal function of each be- 
liever. The orthodoxy based on this creed is intangible, and 
therefore not so closely bound to specific formulations of 
dogmatic theology as in Christianity. There have been, to be 
sure, sectional fanaticism and even persecution, carried on 
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either by rulers or by exoteric theologians, against such fig- 
ures as al-Hallaj and Suhrawardl. Yet the larger orthodoxy, 
based on the essential doctrine of unity, has always prevailed 
and has been able to absorb within the structure of Islam all 
that is not contradictory to the Muslim creed. 

In its universal sense, Islam may be said to have three 
levels of meaning. All beings in the universe, to begin with, 
are Muslim, “surrendered to the Divine Will.” (A flower 
cannot help being a flower; a diamond cannot do other than 
sparkle. God has made them so; it is theirs to obey.) Sec- 
ondly, all men who accept with their will the sacred law of 
the revelation are Muslim in that they surrender their will to 
that law. When ‘Uqbah,. the Muslim conqueror of North 
Africa, took leave of his family and mounted his horse for 
the great adventure which was to lead him through two thou- 
sand miles of conquest to the Moroccan shores of the Atlan- 
tic, he cried out: “And now, God, take my soul.” We can 
hardly imagine Alexander the Great having such thoughts as 
he set out eastward to Persia. Yet, as conquerors, the , two 
men were to achieve comparable feats; the “passivity” of 
'Uqbah with respect to the Divine Will was to be transmuted 
into irresistible action in this world. 

Finally, we have the level of pure knowledge and under- 
standing. It is that of the contemplative, the gnostic ( c arif), 
the level that has been recognized throughout Islanxic history 
as the highest and most comprehensive. The gnostic is Muslim 
in that his whole being is surrendered to God; he has no sepa- 
rate individual existence of his own. He is like the birds and 
the flowers in his yielding to the Creator; like them, like all 
the other elements of the cosmos, he reflects the Divine Intel- 
lect to his own degree. He reflects it actively, however, they 
passively; his participation is a conscious one. Thus “knowl- 
edge” and “science” are defined as basically different from 
mere curiosity and even from analytical speculation. The 
gnostic is from this point of view “one with Nature”; he un- 
derstands it “from the inside,” he has become in fact the chan- 
nel of grace for the universe. His islam and the islam of 
Nature are now counterparts. 

The intellective function, so defined, may be difficult for 
Westerners to grasp. Were it not for the fact that most of the 
great scientists and mathematicians of Islam operated within 
this matrix, it might seem so far removed as to be irrelevant 
to this study. Yet, it is closer in fact to the Western tradition 
than most modem readers are likely to realize. It is certainly 
very close to the contemplative strain of the Christian Middle 
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Ages— -a strain once more evoked in part, during the modern 
era, by the German school of Natur philosophic and by the 
Romantics, who strove for “communion” with Nature. Let 
us not be misled by words, however. The opening of the Ro- 
mantic s soul to ^Nature — even Keats’s “negative capability” 
of receiving its imprint — is far more a matter of sentiment 
(or, as they loved to call it then, “sensibility”) than of true 
contemplation, for the truly contemplative attitude is based 
on “intellection.” 

We should be mindful here of the changing usage of words. 

Intellect” and “intellectual” are so closely identified today 
with the analytical functions of the mind that they hardly bear 
any longer any relation to the contemplative. The attitude 
these words imply toward Nature is the one that Goethe was 
to deplore as late as the early nineteenth century — that at- 
titude that resolves, conquers, and dominates by force of con- 
cepts. It is, in short, essentially abstract, while contemplative 
knowledge is at bottom concrete. We shall thus have to say, 
by way of reestablishing the old distinction, that the gnostic’s 
relation to Nature is “intellective,” which is neither abstract, 
nor analytical, nor merely sentimental. 

Viewed as a text, Nature is a fabric of symbols, which 
must be read according to their meaning. The Quran is the 
counterpart of that text in human words; its verses are called 
Oyat (“signs”), just as are the phenomena of Nature. Both 
Nature and the Quran speak forth the presence and the wor- 
ship of God: We shall show them Our portents on the horizon 
and within themselves until it will be manifest unto them 
that it is the Truth (41:53).! 

To the doctors of the Law, this text is merely prescriptive, 
Nature being present in their minds only as the necessary 
setting for men’s actions. To the gnostic or Sufi, on the other 
hand, the Quranic text is also symbolic, just as all of Nature 
is symbolic. If the tradition of the symbolic interpretation of 
the text of the Sacred Book were to disappear, and the text 
thereby reduced to its literal meaning, man might still know 
his duty, but the “cosmic text” would become unintelligible. 
The phenomena of Nature would lose any connection with 
the higher orders of reality, as well as among themselves; 
they would become mere “facts.” This is precisely what the 
intellective capacity and, indeed, Islamic culture as a whole 



J The Meaning of the Glorious Koran, an explanatory translation by Mo- 
hammad Marmaduke Pickthall (London: George Allen & Unwin Ltd.: 
New York: New American Library, 1953), 2:255; 24:35. All subsequent 
references to the Quran are to the latter edition. 
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will not accept. The spirit of Islam emphasizes, by contrast, 
the unity of Nature, that unity that is the aim of the cosmo- 
logical sciences, and that is adumbrated and prefigured in the 
continuous interlacing of arabesques uniting the profusion of 
plant life with the geometric crystals of the verses of the 

Quran. . . . - . 

Thus we see that the idea of unity is not only the basic 
presupposition of the Islamic arts and sciences: it dominates 
their expression as well. The portrayal of any individual 
object would become a ‘‘graven image,” a dangerous idol of 
the mind; the very canon of art in Islam is abstraction. Unity 
itself is alone deserving of representation; since it is not to be 
represented directly, however, it can only be symbolized — 
and at that, only by hints. TTiere is no concrete symbol to 
stand for unity, however; its true expression is negation — not 
this, not that. Hence, it remains abstract from the point of 
view of man, who lives in multiplicity. 

Thus we come to the central issue. Can our minds grasp 
the individual object as it stands by itself? or can *we do so 
only by understanding the individual object within the con- 
text of the universe? In other words, from the cosmological 
point of view, is the universe the unity, and the individual 
event or object assign (“phenomenon,” “appearance”) of am- 
biguous and uncertain import? Or is it the other way around? 
Of these alternatives, which go back to the time of Plato, the 
Muslim is bound to accept the first — he gives priority to the 
universe as the one concrete reality, which symbolizes qu the 
cosmic level the Divine Principle itself, although that cannot 
truly be envisaged in terms of anything else. This is, to be 
sure, an ancient choice, but Islam does inherit many of its 
theories from preexisting traditions, the truths of which it seeks 
to affirm rather than to deny. What it brings to them, as we 
have already said, is that strong unitary point of view that, 
along with a passionate dedication to the Divine Will, en- 
abled Islam to rekindle the flame of science that had been 
extinguished at Athens and in Alexandria. 

We have seen that the sacred art of Islam is an abstract art, 
combining flexibility of line with emphasis on the archetype, 
and on the use of regular geometrical figures interlaced with 
one another. Herein one can already see why mathematics 
was to make such a strong appeal to the Muslim: its abstract 
nature furnished the bridge that Muslims were seeking be- 
tween multiplicity and unity. It provided a fitting texture of 
symbols for the universe — symbols that were like keys to 
open the cosmic text. 
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We should distinguish at once between the two types of 
mathematics practiced by Muslims: one was the science of 
algebra, which was always related to geometry and trigonom- 
etry; the other was the science of numbers, as understood in 
the Pythagorean sense. The Pythagorean number has a sym- 
bolic as well as a quantitative aspect; it is a projection of 
Unity, which, however, never leaves its source. Each number 
has an inherent power of analysis, arising out of its quantita- 
tive nature; it has also the power of synthesis because of the 
inner bond that connects all other numbers to the unit. The 
Pythagorean number thus has a “personality”: it is like a 
Jacob’s ladder, connecting the quantitative with the qualita- 
tive domain by virtue of its own inner polarization. To study 
numbers thus means to contemplate them as symbols amt to 
be led thereby to the intelligible world. So also with the other 
branches of mathematics. Even where the symbolic aspect is 
not explicitly stated, the connection with geometric forms has 
the effect upon the mind of freeing it from dependence upon 
mere physical appearance, and in that way preparing it for 
its journey into the intelligible world and, ultimately, to 
Unity. 

Gnosis in the Alexandrian world had used, as the vehicle 
for the expression of its doctrines, a bewildering maze of 
mythology. In Islam, the intellective symbolism often be- 
comes mathematical, while the direct experience of the mystic 
is expressed in such powerful poetry as that of Jalal al-Din 
Ruml. The instrument of gnosis is always, however, the in- 
tellect; reason is its passive aspect and its reflection in the 
human domain. The link between intellect and reason is never 
broken, except in the individual ventures of a handf ul of 
thinkers, among whom there are few that could properly 
be called scientists. The intellect remains the principle of 
reason; and the exercise of reason, if it is healthy and normal, 
should naturally lead to the intellect. That is why Muslim 
metaphysicians say that rational knowledge leads naturally to 
the affirmation of the Divine Unity. Although the spiritual 
realities are not merely rational, neither are they irrational. 
Reason, considered in its ultimate rather than its immediate 
aspect, can bring man to the gateway of the intelligible world; 
rational knowledge can in the same fashion be integrated into 
gnosis, even though it is discursive and partial while gnosis is 
total and intuitive. It is because of this essential relationship 
of subordination and hierarchy between reason and intellect, 
rational knowledge and gnosis, that the quest for causal ex- 
planation in Islam only rarely sought to, and never actually 
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managed to, satisfy itself outside the faith, as was to happen 
in Christianity at the end of the Middle Ages. 

This hierarchy is also based on the belief that scientia 
human knowledge — is to be regarded as legitimate and noble 
onlv so long as it is subordinated to sapientia — Divine wis- 
dom. Muslim sages would agree with Saint Bonaventures 
“Believe, in order to understand.” Like him, they insist that 
scientia can truly exist only in conjunction with sapientia, and 
that reason is a noble faculty only insofar as it leads to in- 
tellection, rather than when it seeks to establish its inde- 
pendence of its own principle, or tries to encompass the In- 
finite within some finite system. There are in Islamic history 
one or two instances when rationalist groups did attempt to 
establish their independence of and opposition to the gnostics, 
and also to set themselves against other orthodox interpreters 
of the Islamic revelation. The spiritual forces of Islam were 
always strong enough, however, to preserve the hierarchy 
between intellect and reason, and thus to prevent the estab- 
lishment of a rationalism independent of the revelation. The 
famous treatises of al-Ghazzall, in the fifth/eleventh century, 
against the rationalistic philosophers of his time mark the 
final triumph of intellection over independent ratiocination— 
a triumph that did not utterly destroy rationalistic philosophy, 
but did make it subordinate to gnosis. As a result of this de- 
feat by al-Ghazzall and similar figures of the syllogistic and 
systematic Aristotelian philosophy in the fifth/ eleventh cen- 
tury, the Islamic gnostic tradition has been able to survive and 
to remain vital down to the present day, instead of being 
stifled, as elsewhere, in an overly rationalistic atmosphere. 

The reaction against the rationalists, of which the writings 
of al-Ghazzall mark the high point, coincides roughly in time 
with the spread of Aristotelianism in the West, which led ulti- 
mately to a series of actions and reactions — the Renaissance, 
the Reformation, and the Counter-Reformation — such as 
never occurred in the Islamic world. In the West, these move- 
ments led to new types of philosophy and science such as 
characterize the Western world today, that are as profoundly 
different from their medieval antecedents as is the mental 
and spiritual horizon of modern man from that of traditional 
man. Europe in that period began to develop a science of 
Nature that concerns itself only with the quantitative and ma- 
terial aspects of things; meanwhile, the tide of Islamic thought 
was flowing back, as before, into its traditional bed, to that 
conceptual coherence that comprises the mathematical 
sciences. 
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Today, as in the past, the traditional Muslim looks upon all 
of science as sacred,” and studies this sacred science in a 
well-established threefold articulation. First, within the reach 
of all, is the Law, contained in essence in the Quran, eluci- 
dated by tradition and jurisprudence, and taught by the doc- 
tors; it covers every aspect of the social and religious life of 
the believer. Beyond that lies the Path dealing with the inner 
aspect of things, which governs the spiritual life of those who 
have been “elected” to follow it. This has given rise to the 
various Sufi brotherhoods, since it is actually a way of life, 
built upon communication at a personal, nonsystematic level. 
Finally, there is the inelf able Truth itself, which lies at the 
heart of both these approaches. 

According to a still-current simile, the Law is as the cir- 
cumference of a circle, of which the Path is the radius, and 
the Truth the center. The Path and the Truth together form 
the esoteric aspect of Islam, to which Sufism is dedicated. At 
its core lies a metaphysical intuition, knowledge such as 
comes only to the right “mode in the knower.” From this 
spring a science of the universe, a science of the soul, and 
the science of mathematics, each of them in essence a differ- 
ent metaphorical setting for that one science that the mind 
strives after, each of them a part of that gnosis that compre- 
hends all things. 

This may help explain why the mathematician, who was 
something of a displaced person in the West right up to the 
late Middle Ages, plays a central role in Islam from the 
very start. Two centuries after the establishment in the Near 
East of Christianity (in a.d. 313), the Christian-dominated 
West was still sunk deep in barbarism. Yet two centuries 
after Muhammad, the Islamic world under the Caliph Harun al- 
Rashid was already far more active culturally than the con- 
temporaneous world of Charlemagne — even with the latter’s 
earlier start. What reached the West from Islam at that time 
was little more than dark tales of incredible wealth and won- 
drous magic. In Islam itself, however, the mathematician’s 
craft, having “found its home,” was already able to satisfy 
the civilized man’s desire for logical subtlety and for intel- 
lectual games, while philosophy itself reached out into the 
mysteries beyond reason. 

This early stabilization of the theoretical outlook of Islam 
extended also to the type of man who embodied it. Whereas 
the role of intellectual leadership in the West devolved upon 
several different figures in turn — the Benedictine monk, the 
scholastic doctor, the lay scientist — the central figure in Islam 
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has remained almost unchanging. He is the hakim, who en- 
compasses within himself some or all of the several aspects 
of the sage; scholar, medical healer, spiritual guide. If he 
happens to be a wise merchant too, that also falls into the 
picture, for he is traditionally an itinerant person. If his 
achievements in mathematics are extraordinary, he may be- 
come a figure like c Umar Khayyam. It is clear, moreover, 
that such a man — be his name even Avicenna! — will never 
be able to develop each of his several attainments in the same 
fashion as the single-faceted specialist may. Such specialists 
do exist in Islam, but they remain mostly secondary figures. 
The sage does not let himself be drawn into the specialist s 
single-level “mode of knowing,” for then he would forfeit 
the higher knowledge. Intellectual achievement is thus, in a 
sense always patterned upon the model of the unattainable 
complete, that “total thing” that is not found in the Greek 
tradition. Ptolemy’s Syntaxis becomes in the Muslim world 
the Almagest or Opus Maximum — even as Aristotle is purely 
and simply al-failasiif (the philosopher). .... ... 

The title of Avicenna’s great treatise, Kitdb al-ShifS>, which 
rivals in scope the Aristotelian corpus, means The Book of 
Healing. As the title implies the work contains the knowledge 
needed to cure the soul of the disease of ignorance. It is all 
that is needed for man to understand; it is also as much as 
any man need know. Newton’s work Principia has an obvi- 
ously far different ring: it means a foundation— essentially, a 
“beginning” — rather than a knowledge that is complete.and 
sufficient for man’s intellectual needs as the titles of so many 
medieval Islamic texts imply. 



B. The Perspectives within Islamic 
Civilization 



Islam came into the world at the beginning of the seventh 
century a.d., its initial date (the journey of the Prophet from 
Mecca to Medina) being 622 a.d.; it had spread over all of 
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the Middle East, North Africa, and Spain, by the end of that 
same century. Just as the Islamic religion is one of the “middle 
way,” so too did its territory come to occupy — in fact, it 
still occupies — the “middle belt” of the globe, from the At- 
lantic to the Pacific. In this region, the home of many earlier 
civilizations, Islam came into contact with a number of sci- 
ences which it absorbed, to the extent that these sciences 
were compatible with its own spirit and were able to provide 
nourishment for its own characteristic cultural life. 

The primordial character of its revelation, and its con- 
fidence that it was expressing the Truth at the heart of all 
revelations, permitted Islam to absorb ideas from many 
sources, historically alien yet inwardly related to it. This was 
especially true in regard to the sciences of Nature, because 
most of the ancient cosmological sciences — Greek, as well as 
Chaldean, Persian, Indian, and Chinese — had sought to ex- 
press the unity of Nature and were therefore in conformity 
with the spirit of Islam. Coming into contact with them, the 
Muslims adopted some elements from each— most exten- 
sively, perhaps, from the Greeks, but also from the Chal- 
deans, Indians, Persians, and perhaps, in the case of alchemy, 
even from the Chinese. They united these sciences into a new 
corpus, which was to grow over the centuries and become 
part of the Islamic civilization, integrated into the basic struc- 
ture derived from the Revelation itself. 

The lands destined to become parts of the medieval Islamic 
world — from Transoxiana to Andalusia — were consolidated 
into a new spiritual universe within a single century after the 
death of the Prophet. The revelation contained in die Quran, 
and expressed in the sacred language (Arabic), provided the 
unifying pattern into which many foreign elements became 
integrated and absorbed, in accordance with the universal 
spirit of Islam, In the sciences, especially those dealing with 
Nature, the most important source was the heritage of Greek 
civilization. 

Alexandria, by the first century b.c., had become the cen- 
ter of Greek science and philosophy, as well as the meeting 
place of Hellenism with Oriental and ancient Egyptian influ- 
ences, out of which came Hermeticism and Neoplatonism. 
The Greek heritage — itself to a great extent an assemblage of 
ancient Mediterranean views, systematized and put into dia- 
lectical form by the peculiar discursive power of the Greeks — 
passed from Alexandria to Antioch, and from there to Nisibis 
and Edessa, by way of the Christian Monophysites and Nes- 
torians. The latter were particularly instrumental in the 
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spreading of Greek learning, chiefly in Syriac translation, to 
jnnHa as far east as Persia. 

In the third century a.d., ShapOr I founded Jundishapur 
at the site of an ancient city near the present Persian city of 
Ahwaz, as a prisoner-of-war camp, for soldiers captured in 
the war with Valerian. This camp gradually grew into a metrop- 
olis, which became a center of ancient sciences, studied in Greek 
and Sanskrit and later in Syriac. A school was set up, on the 
model of those at Alexandria and Antioch, in which medi- 
cine, mathematics, astronomy, and logic were taught, mostly 
from Greek texts translated into Syriac, but also elements 
of the Indian and Persian sciences were included. This school, 
which lasted long after the establishment of the Abbasid 
caliphate, became an important source of ancient learning in 
the Islamic world. 

Aside from those more obvious avenues, there were also 
lines of communication with more esoteric aspects of the 
Greek sciences, particularly the Pythagorean school, through 
the community of Sabaeans of Harr an. This religious com- 
munity traced its origin to the Prophet Idris (the Enoch of 
the Old Testament), who is also regarded in the Islamic world 
as the founder of the sciences of the heavens and of philoso- 
phy, and who is identified by some with Hermes Trismegistus. 
The Sabaeans possessed a remarkable knowledge of astron- 
omy, astrology, and mathematics; their doctrines were in many 
respects similar to those of the Pythagoreans. It was probably 
they who provided the link between the Hermetic Tradition 
and certain aspects of the Islamic esoteric doctrines. Into 
which some elements of Hermeticism were integrated. 

On the Oriental side the Indian and, to a lesser degree, the 
Persian sciences came to have an important bearing upon 
the growth of the sciences in Islam, a bearing far greater 
than is usually recognized. In zoology, anthropology, and cer- 
tain aspects of alchemy, as well as, of course, in mathematics 
and astronomy, the tradition of Indian and Persian sciences 
was dominant, as can be seen in the Epistles (Rasa?il) of the 
Brethren of Purity ( Ikhwdn al-$afa?) and the translations of 
Ibn Muqaffa c . It must be remembered that the words “magic” 
and Magi are related, and that, according to the legend, the 
Jews learned alchemy and the science of numbers from the 
Magi, while in captivity in Babylon. 

There are most likely elements of Chinese science in 
“Jam, especially in alchemy, pointing to some early contact 
between the Muslims and Chinese science. Some have even 
“one sn fa* as to claim — without much proof, to be sure — 
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that the word al-kimiya? from which “alchemy” is derived, 
is itself an arabization of the classical Chinese word Chin-1, 
which in some dialects is Kim-la and means “the gold-making 
juice.” The most important influence from China, however, 
was to come in later centuries, particularly after the Mongol 
invasion, and then primarily in the arts and technology. 

' The totality of die arts and sciences in Islam thus con- 
sisted of a synthesis of the ancient sciences of the Mediter- 
ranean people, as incorporated and developed by the Greeks, 
along with certain Oriental elements. The dominant part of 
this heritage was definitely Graeco-Hellenistic, in translations 
either from Syriac or from the Greek itself, by such masters 
of translation as IJunain ibn Ishaq, and Thabit ibn Qurrah. 
There were numerous translations of Greek authors into 
Arabic in nearly every domain of knowledge. The ideas and 
points of views contained in these translations formed a large 
part of the nutriment which Islam sampled and then assimi- 
lated according to its own inner constitution, and the founda- 
tion given to it by the Quranic revelation. In this way there 
developed, in conjunction with the three basic “dimensions” 
of the Law, the Path, and the Truth, Islamic schools which 
were to become an accepted part of Islamic civilization. 

With respect to Greek learning itself, Muslims came to dis- 
tinguish between two different schools, each possessing a dis- 
tinct type of science: one, the Hermetic-Pythagorean school, 
was metaphysical in its approach, its sciences of Nature de- 
pending upon the symbolic interpretation of phenomena and 
of mathematics; in the other, the syllogistic-rationalistic 
school of the followers of Aristotle, the point of view was 
philosophical rather than metaphysical, and its sciences were 
therefore aimed at finding the place of things in a rational 
system, rather than at seeing, through their appearances, their 
heavenly essences. The first school was regarded as the con- 
tinuation, in Greek civilization, of the wisdom of the ancient 
prophets, especially Solomon and Idris; it was therefore con- 
sidered to be based on divine rather than human knowledge. 
The second school was looked upon, for the most part, as re- 
flecting the best effort the human mind could make to arrive 
at the truth, an effort of necessity limited by the finite nature 
of human reason. The first school was to become an integral 
part of Islam, certain of its cosmological sciences being inte- 
grated into some of the branches of Sufism. The second 
school did have many disciples in the earlier centuries and 
thus left an influence upon the language of Muslim theology; 
after the seventh/ thirteenth century, it lost ground, however, 
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and, despite its continuation up to the present day, it has re- 
mained a secondary aspect of Islamic intellectual life. 

The various levels of reference existing hierarchically 
within the structure of Islam are presented concisely by a sage 
who lived in the fifth/eleventh century, and who is probably 
the one Oriental figure most familiar to the modern Western 
public: c Umar Khayyam, mathematician and poet extraordi- 
nary. That he should be regarded in the Western world, on 
the strength of his famous quatrains, as a skeptical hedonist 
is itself a sign of the profound lack of understanding between 
the two worlds; for he was in reality a sage and a gnostic of 
high standing. What appears to be lack of concern or agnos- 
ticism in his poetry is merely an accepted form of expression, 
within which he incorporated both the drastic remedy that the 
gnostic applies to religious hypocrisy, and also the reestab- 
lishment of contact with reality. (Late Greeks, such as Aene- 
sidemus, had had recourse to the same skeptical device, and 
with similar intentions.) In the following passage from a 
metaphysical treatise, Khayyam divides the seekers after 
knowledge into four categories: 

(1) The theologians, who become content with disputation 
and “satisfying” proofs, and consider this much knowledge 
of the Creator (excellent is His Name) as sufficient. 

(2) The philosophers and learned men [of Greek inspiration] 
who use rational arguments and seek to know the laws of 
logic, and are never content merely with “satisfying” argu- 
ments. But they too cannot remain faithful to the condi- 
tions of logic, and become helpless with it. 

(3) The Ismailis [a branch of Shia Islam] and others who say 
that the way of knowledge is none other than receiving 
information from a learned and credible informant; for, 
in reasoning about the knowledge of the Creator, His 
Essence and Attributes, there is much difficulty; the reason- 
ing power of the opponents and the intelligent [of those 
who struggle against the final authority of the revelation, 
and of those who fully accept it] is stupefied and helpless 
before it. Therefore, they say, it is better to seek knowledge 
from the words of a sincere person. 

(4) The Sufis, who do not seek knowledge by meditation or 
discursive thinking, but by purgation of their inner being 
and the purifying of their dispositions. They cleanse the 
rational soul of the impurities of nature and bodily form, 
until it becomes pure substance. It then comes face to face 
with the spiritual world, so that the forms of that world 
become truly reflected in it, without doubt or ambiguity. 
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This is the best of all ways, because none of the perfections 
of God are kept away from it, and there are no obstacles 
or veils put before it. Therefore, whatever [ignorance] 
comes to man is due to the impurity of his nature; if the 
veil be lifted and the screen and obstacle removed, the 
truth of things as they are will become manifest. And the 

Master [the Prophet Muhammad] upon whom be peace 

— indicated this when he said: “Truly, during the days of 
your existence, inspirations come from God. Do you not 
want to follow them?” 

Tell unto reasoners that, for the lovers of God [gnostics], 
intuition is guide, not discursive thought . 2 

Here we have, stated authoritatively, the central perspec- 
tive of Islamic thought, in which the component parts fall 
naturally into place. Each one is a different mode of knowing. 
It is puzzling at first sight to find nowhere in it the mathe- 
maticians, of whom Khayyam himself was such an eminent 
example. Notice, however, that the Ismailis correspond quite 
closely with what in the early Pythagorean school had been 
the Akusmatikoi, “those who go by what is told them.” It 
should be noticed, also, that the Pythagorean Mathematikoi, 
the “expounders of the doctrine,” will be found both among 
the philosophers and again among the Sufis, since systematic 
theory remains helpless without spiritual achievement, which 
is precisely what mathematics is intended to lead to, by con- 
trast with syllogistic hair-splitting. This is clearly revealed in 
later sections of the same work in which Khayyam describes 
himself as both an orthodox Pythagorean and a Sufi. 

Here, too, we see the significant contrast with the Greek 
world. For the Pythagorean doctrines alluded to had become 
practically extinct there by the time of Aristotle, and were 
to be taken up again, and at that only after a fashion, in the 
Hellenistic revival; in Islam, we see them stabilized and re- 
stored almost according to their original pattern through the 
unitary religious idea. Islam was thus able to hand on to the 
West, to the extent that the latter accepted the Pythagorean 
tradition, something more coherent, as well as technically 
more advanced, than the West’s own immediate heritage from 
antiquity. 

There are other lines to be found in Khayyam’s spectrum. 



2 ‘Umar Khayyam. RisSlah-i wujud (Bayacfl MS. in the Tehran National 
Library). Translated by S. H. Nasr. 
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The “atomistic” school of thought which flourished in Islam 
after the fourth/ tenth century, and which in the Western per- 
spective might be supposed to be scientific, he regards as not 
belonging to science at all, but to theology, for the Ash 'antes 
who represented this school were exactly the sort of “theo- 
logians” he described. In the writings of the followers of this 
school — especially al-Baqillani, who may be considered their 
outstanding “philosopher of Nature” — the continuity of ex- 
ternal forms is broken by an “atomistic” doctrine of time and 
space, and by the denial of the Aristotelian notion of cau- 
sality. For the Ash'arites (as also for the Sufis), the world 
is annihilated and recreated at every moment; the cause of all 
events is the Creator and not a finite, created agent. A stone 
falls because God makes it fall, not because of the nature of 
the stone or because it is impelled by an external force. What 
appears as “Laws of Nature,” i.e., the uniformity of sequence 
of cause and effect, is only a matter of habit, determined by 
the will of God and given the status of “law” by Him. Mira- 
cles, which seem to break the apparent uniformity of natural 
phenomena, are simply going against the “habit” of Nature; 
the Arabic word for a supernatural event means literally that 
which results from “rupture of habit.” We are facing here a 
strict “consequentiality,” which has its parallel in Western 
thought of the seventeenth century. From Descartes to the 
Occasionalists, the development presents curious similarities. 

In the second grouping on Khayyam’s list, the “philoso- 
phers and learned men,” we would find assembled all the 
famous names of Islamic science. There is a sharp distinc- 
tion, however, between two schools of “philosophical” 
thought, both of which profess to be disciples of the Greeks. 
The first is the Peripatetic school, whose doctrines are a com- 
bination of the ideas of Aristotle and of some Neoplatonists. 
The representative of this school who was closest to Aristotle 
was Averroes who, paradoxically, had less effect upon the 
Islamic than upon the Christian world, and should be studied 
more as a great member of the tradition of Western philoso- 
phy than as an integral part of Islamic intellectual life. 

The science of Nature cultivated by the Peripatetic school 
•s primarily syllogistic: it seeks to determine the place of 
®ach being, in a vast system based upon the philosophy of 
Aristotle. The best expression of the doctrines of this school 
appears in Avicenna’s early writings. The Book of Healing 
*s the most comprehensive encyclopedia of knowledge ever 
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written by one person, and undoubtedly the most influential 
Peripatetic work in Islam. 

The other Islamic school professing to follow the Greeks 
was much more sympathetic to the Pythagorean-Platonic than 
to the Aristotelian tradition. This school, which in later cen- 
turies came to be called the Illuminatist ( ishraqi ) school, as- 
serts that it derives its doctrines not only from the Pythago- 
reans and their followers, but from the ancient Prophets, the 
Hermetic Tradition, and even from the ancient Zoroastrian 
sages. The symbolic works of Avicenna, such as Living Son 
of the Awake (Hayy ibn Yaqzan) are early expressions of the 
writings of this school. The greatest Illuminatist philosopher, 
however, is SuhrawardI, who drew his symbolism from all 
the many sources mentioned above. 

The sciences of Nature, as well as the mathematics culti- 
vated by certain adherents of this school, are primarily sym- 
bolic, and resemble to a great extent the writings of some 
Neoplatonists. Nature becomes for the writers of this school 
a cosmic crypt from whose confines they must seek to escape; 
and on their journey through it, they see in its phenomena 
“signs,” which guide them on the road toward final “illumina- 
tion.” Many Illuminatists, particularly those of later cen- 
turies, have also been Sufis, who have made use of the emi- 
nently initiatic language of the Illuminatist philosophers to 
describe the journey of the Sufi toward gnosis. Many mem- 
bers of this school, and in general the learned men whom 
Khayyam mentions, have also been among the group that 
have cultivated mathematics, astronomy, and medicine; for 
these learned men took an interest in all the arts and sci- 
ences, and helped to keep alive the traditions of learning in 
those fields, as an integral part of their studies in philosophy. 

The Peripatetics were very strong during the fourth/ tenth 
and fifth/ eleventh centuries, but their influence weakened 
during the succeeding period. The Illuminatists, on the other 
hand, became strong after the sixth/ twelfth century and 
al-Ghazzalfs triumph. They have had a continuous tradition 
down to the present day, chiefly because of the metaphysical 
(as against rationalistic) emphasis in their doctrines, and 
also because of the use of their language by certain Sufi mas- 
ters. One of the greatest exponents of Illuminatist doctrines, 
as interpreted and modified by the Safavid sage Mulla Sadra, 
was HajjT Mulla HadI Sabziwari who died in Persia less than 
a century ago. 

The Ismailis, to whom Khayyam next refers, are a branch 
of Shia Islam, which was very powerful in his time, and also 



Introduction 



37 



played a considerable role in the cultivation of the arts and 
sciences. Ismaili doctrines are fundamentally esoteric, being 
based on numerical symbolism and the symbolic interpreta- 
tion of the “cosmic text.” The symbolic interpretation of the 
Quran, which is basic in Shia Islam as well as in Sufism, was 
made the basis for the symbolic study of Nature. Moreover, 
such sciences as alchemy and astrology became integrated 
into their doctrines, and such texts as the Epistles of the 
Brethren of Purity, and the numerous writings of Jabir ibn 
Ilayyan, the alchemist, were to have their greatest influence 
upon this group. The development of what has been called 
"Oriental neo-Pythagoreanism” is found most clearly in the 
treatises of the Ismailis. They were very much interested in 
the sciences of Nature; in integrating the rhythms and cycles 
of Nature with the cycles of history and with the manifesta- 
tions of various prophets and imams, their works rank among 
the most important Islamic writings on Nature. 

Khayyam mentions, Anally, the SuAs or gnostics, the group 
to which he himself belonged. It may seem surprising that a 
man so well versed in the arts and sciences of his day should 
consider the “way of puriAcation” of the SuAs as the best 
way of acquiring knowledge. His language in this regard, 
however, is not merely theoretical, it is almost operational: 
one cleanses and focuses the instrument of perception, i.e., 
the soul, so that it may see the realities of the spiritual world. 
Aristotle himself, the great rationalist, had once said that 
“knowledge is according to the mode of the knower.” Jhe 
gnostic, in employing the “right” mode of knowledge ensures 
that Intellection takes place in him immediately and intui- 
tively. In this regard, Khayyam’s statement becomes clearer 
when seen in the light of a doctrine that we shall discuss later: 
the doctrine of the universal man, who is not only the Anal 
goal of the spiritual life, but also the archetype of the uni- 
verse. 

To the extent that the gnostic is able to purify himself of 
his individualistic and particular nature, and thus to identify 
himself with the universal man within him, to that same 
extent does he also gain knowledge of the principles of the 
cosmos, as well as of the Divine realities. For the gnostic, 
knowledge of Nature is secondary to knowledge of the Divine 
Principle; yet, because of the rapport between the gnostic 
and the universe. Nature does play a positive role in guiding 
h<m to his ultimate goal. The phenomena of Nature become 
transparent” for the gnostic, so that in each event he “sees” 
we archetype. The symbols of substances — geometric forms 
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and numerical quantities, colors, and directions — these and 
many other such symbols are aspects of the being of things. 
They increase in their reality — a reality independent of 
personal taste or of the individual — to the extent that the 
gnostic divorces himself from his individual perspective and 
limited existence, and identifies himself with Being. For the 
gnostic, the knowledge of anything in the universe means 
ultimately knowledge of the relationship between the essence 
of that particular being and the Divine Intellect, and the 
knowledge of the ontological relationship between that being 
and Being itself. 

Khayyam’s classification did not take into consideration 
certain writers of great importance, who did not follow any 
particular school. There are also many Islamic writers, 
hakims, including Khayyam himself, who possessed a knowl- 
edge of several disciplines, and in whom two or more levels 
of his hierarchy of knowledge may be found. Some of the 
most outstanding of these men will be discussed in the next 
chapter. 

Inasmuch as the hierarchy of knowledge in Islam, as it has 
existed historically, has been united by a metaphysical bond — 
much as a vertical axis unites horizontal planes of reference — 
the integration of these diverse views “from above” has been 
possible. Historically, of course, there have been many con- 
flicts, sometimes disputes leading to violence and occasionally 
to the death of a writer. Such conflicts are not, however, as 
elsewhere, between incompatible orthodoxies. They are re- 
garded by most Islamic commentators as due to the lack of 
a more universal point of view on the part of those who 
have only embraced a less universal one. Only the gnostic, 
who sees all things “as they really are,” is able to integrate 
all these views into their principial unity. 

Regarded from their own point of view, each of these 
schools may be said to possess a certain “philosophy of 
Nature,” and, in conformity with it, to cultivate the sciences 
dealing with the universe. Some of their writings, primarily 
those of the Peripatetics, were to be translated into Latin 
to help form that Western scholasticism which was later to 
give way to seventeenth-century “natural philosophy.” Other 
writings, such as those of the alchemists, were to flourish in 
the Western world for several centuries, only to wither away 
in its atmosphere of rationalistic philosophy. There were still 
other works, especially those of the Sufis and Illuminatists, 
which were to have an influence on certain Western circles 
such as that of Dante, and yet for the most part to remain 
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almost unknown in the Western world, down to comparatively 
recent times. 

In this brief introduction, it has been necessary to cover 
much ground that is unfamiliar and often quite difficult for 
a Western reader to grasp. But we felt that we had to dispel 
the common conception of the Muslims as merely Puritan 
warriors and merchants, whose strange bent for the “subtle- 
ties” of algebra and logic somehow also enabled them to 
become the transmitters of Greek learning to the West. As 
against that all too current notion, we have tried to present 
a brief picture of a culture whose spiritual values are 
inextricably tied up with mathematics and with metaphysics 
of a high order, and which once again fused the constituent 
elements of Greek science into a powerful unitary concep- 
tion, which had an essential influence on the Western world 
up to the time of the Renaissance. 

Strangely enough, it is this latter conception, half unknown 
at best, and then quickly forgotten in the West, which has 
remained, up to the present Western impact upon the Islamic 
world, the major factor in the Islamic perspective determining 
its attitude toward Nature and the meaning it gives to the 
sciences of Nature; conversely, it is those very elements of 
the Islamic sciences, most responsible for providing the tools 
with which the West began the study of the already secular- 
ized Nature of the seventeenth century, that became secondary 
in the Islamic world itself and had already ceased to occupy 
the main intellectual efforts of that civilization by the nipth/ 
fifteenth century. 

The Western world has since concentrated its intellectual 
energies upon the study of the quantitative aspects of things, 
thus developing a science of Nature, whose all too obvious 
fruits in the physical domain have won for it the greatest 
esteem among people everywhere, for most of whom “sci- 
ence” is identified with technology and its applications. 
Islamic science, by contrast, seeks ultimately to attain such 
knowledge as will contribute toward the spiritual perfection 
and deliverance of anyone capable of studying it; thus its 
fruits are inward and hidden, its values more difficult to dis- 
cern. To understand it requires placing oneself within its per- 
spective, and accepting as legitimate a science of Nature 
which has a different end, and uses different means, from 
those of modem science. If it is unjust to identify Western 
science solely with its material results, it is even more unjust 
to judge medieval science by its outward “usefulness” alone. 
However important its uses may have been in calendarial 
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work, in irrigation, in architecture, its ultimate aim has 
always been to relate the corporeal world to its basic spiritual 
principle, through the knowledge of those symbols which 
unite the various orders of reality. It can only be understood, 
and should only be judged, in terms of its own aims and its 
own perspectives. 



CHAPTER ONE 



THE UNIVERSAL FIGURES 
OF ISLAMIC SCIENCE 



Throughout Islamic history, the central figure in the 
transmission of the sciences has been the wise man, or hakim. 
He has usually been a physician, a writer and poet, an 
astronomer and mathematician, and, above all, a sage. In 
tiiis figure of the hakim, one can see the unity of the sciences 
as so many branches of a tree whose trunk is the wisdom 
embodied in the sage. The hakim has always established the 
unity of the sciences in the minds of students, by the very 
fact of his teaching all of the sciences as so many different 
applications of the same fundamental principles. The Islamic 
teaching system as a whole and the classification of the sci- 
ences, which forms its matrix, are themselves dependent 
upon this figure of the hakim, or sage. 

Of course, not all of those who have made notable con- 
tributions to Islamic science have been masters of every 
field of knowledge. Some have been predominantly mathe- 
maticians, or physicians, or natural historians. With such 
figures we shall deal in the appropriate chapters pertaining to 
each subject matter. But there are a number of outstanding 
figures whose scope was universal, and they played an im- 
portant role in several of the sciences. Today knowledge 
has become so compartmentalized as to make the concep- 
tion of such figures very difficult for modern man. Further- 
more, in dividing the Islamic sciences into subjects that 
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conform more or less to the present-day division of knowl- 
edge, it becomes difficult to determine where to place such 
figures. We have therefore decided to describe briefly some 
of the outstanding universal figures of Islamic science in 
this chapter, leaving others whose contribution, no matter 
how important, belongs to a particular domain to be treated 
along with the subject matter in question. These universal 
figures are by no means the only ones to have made note- 
worthy achievements, especially in mathematics, but they are 
the hakims whose names appear in nearly every field of 
Islamic science and who have left an indelible mark upon 
the intellectual life of Islam. 



Jabir ibn HayySn (c,103/721-c200/ 815) 

Little is known of the life of Jabir ibn Hayyan al-Azdi 
al-TusI al-Sufl, the founder of Islamic alchemy. It can be 
asserted with some certainty that his family came from the 
Azd tribe of Southern Arabia that had settled during the 
rise of Islam in Kufa. His father, a Shiite, had plotted against 
the Omayyads in Khurasan where Jabir was bom, probably in 
Tus. He spent his early years there and then was sent to 
yyabia. Later he came to Kufa where he spent much of his 
life and, finally, to Baghdad where he first became known 
as an alchemist at the court of Harun al-Rashid and was 
especially associated with the viziers of the Abbasids, the 
powerful Barmakids. He was a Sufi and a Shiite, closely 
connected with the circle of the sixth Imam, Ja'far al-Sadiq. 
With the disgrace of the Barmakids at court, Jabir also fell 
out of favor but is said to have survived into the reign of 
al-Ma j mun, although the date of his death is by no means 
certain. 

The number of writings that bear Jabir’s name, about 
three thousand, most of which are short treatises, have made 
many doubt their authenticity and some have even questioned 
the historical existence of Jabir. But as E. Holmyard, a leading 
historian of Islamic alchemy, has clearly shown there is no 
doubt about the existence of such a person. The Shiite 
historical sources are too consistent about Jabir to enable 
one to deny that such a figure existed. Yet, there is no 
doubt that many works in the Jabirian corpus are later 
Ismaili accretions and in fact Jabir became, more than an 
historical figure, an intellectual type in whose name many 
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later works were written. There is little reason to doubt, 
however, that much of the corpus does belong to Jabir and 
the rest to the school connected with his name. 

The question of Jabir is further complicated by the fact 
that under his Latin name, Geber, there appeared a series of 
works in Latin for which there is no Arabic original while 
other works by “Geber” are really Latin versions of treatises 
belonging to the Jabirian corpus. There is, therefore, a 
distinction to be made between the Latin Geber and Jabir 
although until all of the Jabirian corpus, most of which 
remains unedited, is* studied there is no means of determining 
how much of the Latin Geber belongs to a Western, most 
likely a Spanish, alchemist writing under the name of the 
outstanding master of the art of alchemy. 

The important works of Jabir include The Hundred and 
Twelve Books, some of which are dedicated to the Barmakids; 
The Seventy Books, a good portion of which was translated 
into Latin, and The Books of the Balance, which outline the 
famous theory of the balance underlying the whole of 
JSbirian alchemy. Jabir did not only write on alchemy, of 
which he was the greatest medieval authority, but also on 
logic, philosophy, medicine, the occult sciences, physics, 
mechanics and nearly every other domain of knowledge. He 
expounded a particular “philosophy of nature” and a method 
for the study of different sciences that influenced all later 
alchemical and Hermetic authors as well as the Ismailis and 
certain schools of Imaml, or ‘Twelver,” Shiism and Sufism. 

AbU Yusuf Ya'qQb ibn Ishaq al-Kindi (c. 1851 801-C.2601 873) 

Al-Kindl, the Latin Alkindus, who is entitled the “Philoso- 
pher of the Arabs,” came from the Arab tribe of Kindah. 
His ancestors had settled in Kufa where his father was gover- 
nor. Al-Kindl spent his early life in Kufa, which had become a 
center of the sciences. He studied the religious sciences as 
well as philosophy and mathematics, and became especially 
interested in the philosophical sciences after going to Baghdad. 
At this time the major movement of translation into Arabic 
nad already begun. He knew Syriac and perhaps some Greek 
and was well acquainted with Graeco-Hellenistic scientific 
and philosophical works. For some time he was held in 
nigh esteem in court but spent the last part of his life in 
obscurity. 

Al-Kindl was the first of the Muslim philosopher-scientists. 
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His interest was encyclopedic. He wrote about two hundred 
seventy treatises, most of which are now lost, in logic, 
philosophy, physics, all branches of mathematics as well as 
music, medicine and natural history. He was the founder of 
the Islamic Peripatetic school of philosophy and was highly 
respected in the medieval and Renaissance West to the extent 
that he was considered as one of the judices of astrology and 
Cardano called him one of the twelve great intellectual figures 
of humanity. His immediate students were well-known geog- 
raphers and mathematicians, while his philosophic influence 
is to be seen directly in the writings of al-Farabl and later 
Muslim Peripatetics. 



Hunain ibn Ishaq (194/810-263/877) 

Hunain, the Latin Joannitius, was one of the Christian 
scholars who made an important contribution to the rise of 
Islamic sciences as translators and transmitters of the Greek 
sciences. He was born in Hira, his father having been an 
apothecary. He studied in Jundishapur and Baghdad under 
the well-known physician Ibn Masawaih (Mesue Senior), 
and journeyed to Anatolia to complete his knowledge of 
Greek. He and his immediate students, including his son and 
nephew, made the most exact and correct translations of 
Greek and Syriac texts into Arabic and played a major role 
in the sudden rise of interest by Muslims in the Graeco- 
Hellenistic sciences. Hunain himself was an outstanding 
physician whose works were cited as authority by later 
Muslim authors. He also wrote on astronomy, meteorolgy 
and especially philosophy. His Aphorism of Philosophers 
was well known in the West in its Hebrew version and he is 
especially noted for his study and translation of the philoso- 
phy of Galen. 



Thabit ibn Qurrah (211/826 or 221/836-288/901) 

Thabit hailed from the community of Sabaens in Harran, 
where there was a religious cult centered around the symbolism 
of the planets. This cult, much interested in the Pythagorean 
mathematical and mystical tradition, survived well into the 
Islamic period. Like many members of this community 
Thabit was well versed in mathematics and astronomy. Due 
to religious differences with his community he set out for Bagh- 
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dad and was fortunate in meeting on the way the influential 
mathematician, Muhammad ibn Musa ibn Shakir, who, recog- 
nizing his ability, took him under his patronage. Thabit soon 
gained fame in Baghdad and became the court astronomer. 

Thabit was a major translator, almost as important as 
Hunain, and, like him, he wrote lasting works in medicine 
and philosophy. In addition he wrote many treatises on 
astronomy, number theory, physics and other branches of 
mathematics that exercised an immense influence on Muslim 
scientists. The echo of his scientific views, especially regarding 
the theory of “trepidation,” was heard throughout the Middle 
Ages in the West. 



Muhammad ibn Musa aUKhwarazmi ( d . c.249/863) 

Al-Khwarazml, the first outstanding Muslim mathematician 
with whom the history of this subject among Muslims prop- 
erly begins, was born in Khwarazm (usually written as 
Khwarizm in most European sources), the modem Khiva. 
Little is known of his life except that he spent some time in 
Baghdad and it is said by some later historians that he 
journeyed to India to master the Indian sciences. He became 
a well-known scientist at the court of al-Ma 5 mun and par- 
ticipated in measuring the degree of arc in the company of 
astronomers commissioned by al-Ma 5 mun for this task. 

The writings of al-Khwarazml, which represent his own 
works as well as the synthesis of the mathematical works of 
the generation before him, had an immense influence, more 
than that of any other single mathematician. His Algebra 
(al-Jabr wa?l-muqabalah) , the first Muslim work on Algebra, 
gave its name to this science in both East and West. He 
introduced the Indian numerals into the Muslim world and 
through his work on arithmetic, the West came to know of 
the numerals which it calls “Arabic.” He wrote the first 
extensive Muslim work on geography revising much of 
Ptolemy and drawing new geographical and celestial maps. 
His astronomical tables are among the best in Islamic 
astronomy. His influence is attested to by the fact that 
Algorism, the latinization of his name, al-Khwarazml, for a 
}°ng time meant arithmetic in most European languages and 
jf use d today for any recurring method of calculation which 
has become an established rule. It has even entered into the 
technical vocabulary of modem computation techniques. 



46 Science and Civilization in Islam 

Muhammad ibn Zakariya al-R&zi (c.25 1 / 865-313/925) 

Al-RazT, the Latin Rhazes, sometimes called “the Arabic 
Galen,” is the greatest clinical physician of Islam, well known 
in both the West and the East. His authority in medicine 
has been second only to that of Avicenna whom he excelled 
in his observational powers. Rhazes, as his name bears out, 
was bom in Rai where he spent the first part of his life. 
He is said to have been a lute player who, at the age of 
thirty, turned from music to alchemy. Then, as a result of 
the weakening of his eyesight, relatively late in life, he 
devoted his whole attention to medicine in which he seems 
to have been interested even in his earlier years. He studied 
medicine and perhaps philosophy with 'AIT ibn Rabban al- 
Tabari. Soon he became the director of the hospital at Rai 
and later functioned in the same capacity in Baghdad. Stu- 
dents flocked to him from near and far, and he was respected 
both for his knowledge and kindness toward students and 
patients. He wrote and studied continuously until he went 
blind whereupon he returned to Rai to pass the rest of 
his days. 

Al-BTrunT, who made a special study of the writings of 
Rhazes, mentions one hundred eighty-four works. Most of 
these are lost, especially the philosophical ones of which only 
a few survive. Of the medical works the most important one 
is Continens ( al-Hawi ) so well known in the Latin Occident. 
It is the longest single Islamic work on medicine and contains 
many of Rhazes’ own observations. His masterpiece The 
Treatise on Smallpox and Measles (known in Latin as De 
Pestilentia or De Peste) was read in medical circles in the 
West until the modern period. His alchemical works, especially 
the Secret of Secrets, have been also well known. His philo- 
sophical and ethical works, however, were never known to 
the West and in the East met with severe criticism from both 
the theologians and Peripatetic philosophers because of their 
“anti-prophetic” sentiment. His influence in the Islamic world 
as well as in the West has been primarily in the fields of 
medicine and alchemy. In both of these fields he was recog- 
nized as one of the indubitable masters. 



Abu Nasr al-FOrnbi (c.258/ 870-339/ 950) 

Al-FarabI, the Latin Alpharabius, the second outstanding 
Peripatetic philosopher after al-Kindl, was born in Farab 
in Transoxiana where he spent the first half of his life. His 
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father was a general and afforded him the opportunity to 
study with the best teachers. His early training was in 
religious sciences and languages in which he was very pro- 
ficient. Later historians record his having known nearly 
every language. This means that most likely he knew many; 
certainly Arabic, Persian and Turkish, and probably some 
of the Central Asiatic dialects and local languages. Later 
in life he became interested in philosophy and the sciences 
but, unlike many similar figures in Islamic history, not in 
medicine. He set out for Baghdad, then the center of learn- 
ing, where he studied logic with the Christian Abu Bishr 
Matta ibn YOnus, the undisputed master in the field. Later 
he became himself the greatest authority in logic and trained 
such famous logicians and philosophers as the Christian 
philosopher Yahya ibn ‘Adi. After twenty years in Baghdad, 
al-Farabl set out for the court of Saif al-Daulah in Aleppo 
where he spent the rest of his days and where he died much 
respected and honored. 

Al-Farabl was the first person in Islam to classify com- 
pletely the sciences, to delineate the limit of each, and to 
establish firmly the foundation of each branch of learning. 
He was for this reason called the “Second Teacher,” the 
first having been Aristotle who accomplished this same task 
in ancient times and set the precedent for the Muslim philoso- 
phers. Al-F5rabl is also the first great Muslim commentator 
on Aristotle. Of the seventy works of al-Farabl cited, half 
are devoted to logic, of which he was the real founder in 
Islam, including the commentary or paraphrasing of the 
whole of the Organon of Aristotle. His commentary on the 
Metaphysics helped Avicenna understand that work. He 
wrote independent works on physics, mathematics, ethics and 
political philosophy of which he was again the founder in 
ulam. He was a practicing Sufi and the spirit of Sufism runs 
throughout his works. He was also one of the foremost 
medieval theoreticians of music and some of his musical 
works have survived in the rites of Sufi brotherhoods, espe- 
mally those in Anatolia, until modern times. 



Abwl-Hasan al-MasWdl (d. 345/956) 

i Sr 16 outstanding historians and scientists of Islam, 

“-Mas'Qdl was bom near Baghdad. He was a world traveler, 
thl^vP journeyed through Persia, Central Asia, India, and 
Near East and, according to traditional accounts, having 
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sailed through the China Sea and to Madagascar. The last 
ten years of his life were spent first in Syria and then in 
Egypt where he died. 

Al“Mas c udI belongs to the tradition of universal historians 
like al-Tabari and al-Ya'qQbl. His Meadows of Gold and 
Mines of Precious Stones is a notable work of its kind. It 
shows al-Mas c udI as historian, geographer, geologist, and 
natural historian. Its pages contain many valuable scientific 
observations. Late in life al-Mas c ud! composed his Book of 
Indication and Revision which summarizes his philosophy of 
Nature and is the synthesis of his observations on Nature and 
history. Al-Mas c udi also wrote works on philosophical and 
theological questions but it is upon the two major surviving 
works on histoiy and natural history that his reputation as a 
scholar and scientist depend. These are sufficient to make 
him one of the encyclopedic figures in Islamic science, one 
whose innate thirst for knowledge led him to the examination 
of nearly every form of science and the observation of many 
pertinent aspects of both human and natural history. 



Aba <A!i al-gusain ibn Sind 1 3701980-42811037 ) 

Ibn Slna, the Latin Avicenna, whose compatriots have 
given him the honorific title Shaikh al-ra^is, “Leader among 
Wise Men,” is the greatest philosopher-scientist of Islam 
and its most influential figure in the general domain of the 
arts and sciences. Born near Bukhara in a family devoted to 
learning he received an excellent education, especially after 
the family moved to the city of Bukhara itself. His father 
acquired the best teachers in every domain for his remarka- 
bly precocious son who at the age of ten had already mastered 
grammar, literature and even some theology and knew the 
Quran by heart. At the age of eighteen he had mastered all 
the sciences of his day. At the end of his life he wrote that 
he knew then only what he had learned in his youth. 

Because of changing political conditions in Central Asia and 
the death of his father, Avicenna left his birthplace and set 
out for the different cities of Persia beginning a life of 
wandering which continued to his last days. Already well 
known as a physician whose services were sought by all, he 
found willing patrons everywhere. He stayed in Rai, then 
for some time in Hamadan where he even became vizier 
and encountered political difficulties, and Isfahan where he 
had a relatively long period of peace. In all these cities he 
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acted as physician to* the Buwayhid princes who then ruled 
Persia. Finally anticipating his own death he returned to 
Hamadan where he died and where his mausoleum is 
found today. 

Avicenna was a man of enormous energy. Although living 
in turbulent times and often occupied with state matters 
he wrote two hundred fifty works of different lengths, some 
of which were actually dictated on horseback while accom- 
panying a ruler to some battle. His power of concentration 
and mental acumen have become proverbial in the East. Of 
his works the best known is first the Canon of Medicine 
which is the epitome of Islamic medicine, taught to this day 
in the Orient. It was translated into Latin and taught for 
centuries in Western universities, being in fact one of the 
most frequently printed scientific texts in the Renaissance. 
The second is his monumental encyclopedia, The Book of 
Healing ( Kitab al-shifS>). It marks the high point of Peri- 
patetic philosophy in Islam and also contains important 
chapters on logic, and mathematical and natural sciences. 
Sections of this work were translated into Latin in the 
sixth/twelfth century, first as part of the Incunabula and 
later as a separate work. Since the word al-shifa 5 resembles 
the Hebrew word shef^a meaning abundance or sufficiency, 
and the work reached Latin through Hebrew, the title in 
Latin became Sufficientia. Moreover, only parts of the Physics 
became known as the Sufficientia whereas the other sections 
of the book gained independent titles. The section on geology 
and mineralogy for example became known as De Mineralibus 
and was attributed to Aristotle until modern times. 

The influence of Avicenna on both East and West was 
immense. In the Islamic world his spirit has dominated the 
intellectual activity of all later periods while his philosophy 
and medicine have continued as a living influence to the 
present day. In the West he became known as the “Prince 
of Physicians” and dominated medical science for centuries 
while his scientific, philosophical and theological views left 
their mark upon many important figures such as Albertus 
Magnus, St. Thomas, Duns Scotus and Roger Bacon. 



Abu <Ati al-Hasan ibn al-Haitham (c.354/965— 430/ 1039) 

Ibn al-Haitham, the greatest of Muslim physicists, known 
to the West as Alhazen, was bom in Basra where he studied 
mathematics and other sciences. At that time the Fatimid 
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dynasty of Egypt showed much interest in the sciences, and 
Alhazen was invited to come to Egypt to study the possibility 
of controlling the Nile floods. Having accepted the task, he 
set out for Egypt where he was received with much honor. 
But after failing to come up with a flood-control plan, he 
fell into disgrace and to protect himself from the wrath of 
the ruler began to feign insanity. For the rest of his life he 
lived quietly, often copying mathematical manuscripts to earn 
his living. He finally died in Cairo. 

Alhazen is known to have written nearly two hundred 
works on mathematics, physics, astronomy and medicine, as 
well as on other scientific subjects. He also wrote commen- 
taries on Aristotle and Galen. Although he made major 
contributions to the fields of mathematics and astronomy 
it is especially in the domain of physics that he made his 
outstanding achievements. He was an exact observer and 
experimenter as well as a theoretician. His major work, 
Optics, is the best medieval work of its kind, a work that 
influenced the optical writings of Roger Bacon, Witelo and 
Kepler in the West, and many later treatises by M uslim 
scientists. Alhazen also made significant contributions to 
the study of the anatomy and diseases of the eye. 



Abu Raihan al-Birurii (362/ 973-C.442/ 1051) 

Some have considered al-Blrunl as the greatest Muslim 
scientist. Certainly he is among the foremost intellectual 
figures of Islam. Born near Khwarazm he studied mathe- 
matics with a student of the famous Abu’l-Wafa’ and became 
proficient in it. Later he journeyed extensively in the northern 
regions of Persia and when MahmQd of Ghazna conquered 
Central Asia, he joined the services of this powerful ruler. He 
even accompanied him in his conquest of India which en- 
abled him to observe this land firsthand. After this, al-BIrQnl 
returned to Ghazna where he lived the rest of his days 
writing and studying to the veiy end of his prolific life. 

Every one of al-Blrunl’s writings, of which about one hun- 
dred eighty are known, is of value since he was both a 
great scientist and scholar. His India is the best account of 
the Hindu religion and of the sciences and customs of India 
in medieval times. His Chronology of Ancient Nations dealing 
with the calendar and festivities of different nations is unique. 
His Canon of al-Mas<udi dedicated to MahmQd of Ghazna’s 
son, Mas‘ud, holds the same position in islamic astronomy 
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as the Canon of Avicenna does in medicine while his Ele- 
ments of Astrology was the standard text for the teaching of 
the Quadrivium for centuries. He also wrote outstanding 
works on physics, mathematical geography, mineralogy and 
nearly every branch of mathematics, astronomy and astrology. 
No one in Islam combined the qualities of an outstanding 
scientist with that of a meticulous scholar, compiler and 
historian to the same degree as al-BIrunl. His only misfortune 
as far as his later influence is concerned was that his works 
were never translated into Latin. In the East he has always 
been respected as both a scientist and scholar. 



Abwl Qasim Maslamah al-Majritl (d. c.398/ 1007) 

Little is known of the life of this Andalusian scientist who 
was one of the first to introduce the study of the sciences, 
especially mathematics and alchemy, to the western part 
of the Islamic world. It is known that he was born in Madrid 
and later moved to Cordova where he established a school 
in which such figures as the historian Ibn Khaldun and the 
physician al-ZahrawI were to study later. He was also respon- 
sible for spreading the Epistles of the Brethren of Purity, an 
encyclopedia of knowledge with a Pythagorean tinge which 
had just become popular in the East, in Andalusia. Some 
attribute to him the treatise that summarizes the contents 
of the fifty-two Epistles. Although he wrote on astronomy 
and mathematics and in fact commented on the tables of 
al-Khwarazml, his most important works are on alchemy. 
The Sage’s Step and The Aim of the Wise, two of the best- 
known works in Islamic alchemy, are either by him or 
directly inspired by his teachings. The latter was translated 
into Latin as Picatrix and became a mainstay of alchemical 
literature in the West. 



AbU Hamid Muhammad al-Ghazzati ( 450/1058—505/1111 ) 

Al-Ghazzall (the Latin Algazel) was not a scientist or 
philosopher in the usual sense, yet he left such a profound 
mark upon the intellectual life of Islam that no account of 
the history of Islamic science can be adequate without a 
discussion of his role. Born in Tus, where early in life he was 
introduced to the teachings of Sufism, he went to Naishapur 
to study theology with al-Juwainl. He became so famous as 
a theologian and scholar of religious sciences that at a young 
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age he was called to Baghdad to occupy a chair in the fore- 
most university of that time, the Nizamlyah. But here, as a 
result of close study of both philosophical and scientific 
works, al-Ghazzall underwent a deep spiritual crisis. He left 
his post and renounced his worldly position, finally finding 
the light of certainty in Sufism. After a period of self- 
discipline and ascetic practices during which he became him- 
self an outstanding Sufi master, al-Ghazzall returned to 
society. He went first to Naishapur where he taught for a 
while and finally retired to Tus with a few choice disciples. 

His most important religious work is The Revivification of 
the Religious Sciences, which is the most outstanding Muslim 
work on spiritual ethics. Al-Ghazzall also wrote on logic and 
philosophy. His importance in this domain, however, is not 
in exposition but in criticism. In The Purposes of the 
Philosophers he summarized Peripatetic philosophy so well 
that when this work was translated into Latin, he became 
known in the West as an authority on Peripatetic philosophy. 
The Purposes of the Philosophers served as the preparation 
for his severe criticism of the philosophers in The Incoherence 
of the Philosophers where he attacked the rationalistic ten- 
dencies inherent in Aristotelian philosophy and criticized some 
of the views of Avicenna and al-Farabl. Because he was an 
outstanding figure personally and a forceful wrifer as well, 
he succeeded in curtailing the influence of Peripatetic philos- 
ophy in Islam, particularly in the Sunni world. At the same 
time he legitimized the teaching of Sufism in formal religious 
circles. Through these two important steps he helped more 
than any other single individual to bring about the intellectual 
transformation that took place in the Islamic world during 
the sixth/twelfth century. He is in every way one of the 
most notable religious and intellectual figures of Islam. 

/ 

Abu’l-Fath c Umar ibn Ibrahim al-Khayyami ( Omar Khayyam ) 
(b. 429/1038-440/1048, d. 517 / 1123-526/ 1132 

c Umar Khayyam, the most famous Persian poet in the 
West, was also among the most notable scientists of the 
medieval period. Practically nothing is known of his life 
save that he was bom near Naishapur where he spent most of 
his days and died in that city. His tomb is there and, to this 
day, is visited by people from near and far. In 467/1074-75 

l There is so little known of the life of Khayyam that the date of both his 
birth and death are contested by scholars, the date of death varying by as 
much as twenty years. 
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he was already a famous mathematician and was called in 
by Malikshah to reform the calendar. This calendar, known 
as the lalall calendar, is still in use in Persia and is more 
accurate than the Gregorian. Khayyam was highly respected 
by his contemporaries as a master of the sciences although 
he wrote little and accepted few students. In one of his 
treatises he calls himself a student of Avicenna, but since he 
lived much later this could only mean that he considered 
himself as belonging to the school of Avicenna and, in fact, 
he translated one of Avicenna’s works from Arabic into 
Persian. 

About a dozen treatises of Khayyam’s on philosophy and 
science have survived, the most important being his Algebra 
which is the best work of its kind in medieval mathematics. 
He also wrote on geometry and physics as well as on metaphysi- 
cal questions. His Quatrains translated beautifully, although 
somewhat freely, by Fitzgerald have made him the best 
known literary figure of the East in the West. But they have 
also depicted him as the chief propagator of the philosophy 
of “live, drink and be merry,” whereas in reality he was a 
Sufi and a gnostic. He wrote his quatrains, not as a denial 
of the possibility of attaining certitude, but as a corrective 
for the kind of religious hypocrisy that mistakes relative forms 
for the Absolute Truth which the forms are meant to convey. 
Behind the apparent skepticism of Khayyam lies the absolute 
certainty of intellectual intuition. In the Islamic world the 
influence of Khayyam was foremost in the domain of mathe- 
matics and his philosophical position was judged by his meta- 
physical and philosophical treatises. These show him to be 
a true hakim as do his quatrains which contain spontaneous 
reflections upon different aspects of human existence and, 
if seen in the correct light, confirm rather than deny the 
gnostic background of his thought. Khayyam is perhaps the 
only figure in history who was both a great poet and an 
outstanding mathematician. Islam has produced a few other 
figures who have been accomplished in both domains but 
none with the brilliance of Khayyam. 



Abu'UWatid Muhammad ibn Rushd ( 520 / 1126 - 595 / 1198 ) 

Ibn Rushd, or Averroes, the purest Aristotelian among 
Muslim philosophers, was born in Cordova of an illustrious 
family of judges and religious scholars. He studied law and 
medicine in Cordova and later journeyed to Marrakesh to con- 
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tinue his studies. He became an authority in religious law 
and medicine, as well as in philosophy. He was a judge in 
Seville and Cordova and also the personal physician of the 
caliph. Later in life he was attacked for his philosophical views, 
but was reinstated into a position of honor at court a short 
while before his death. 

Averroes was the greatest medieval commentator on 
Aristotle. St. Thomas called him “the Commentator” and 
Dante referred to him as “he who made the grand com- 
mentary.” According to H. A. Wolfson, one of the leading 
authorities on medieval philosophy and particularly on the 
commentaries of Aristotle, there are altogether thirty-eight 
commentaries by Averroes on different works of Aristotle 
in addition to short treatises devoted to particular aspects of 
Aristotelian philosophy. Averroes usually wrote a short, a 
medium-length and a long commentary on every subject he 
dealt with in conformity with the method of teaching in 
traditional schools. Upon five works of Aristotle, including 
the all-important Physics and Metaphysics, all three of 
Averroes’ commentaries have survived. In addition, Averroes 
wrote independent works on astronomy, physics, and medi- 
cine. He sought to answer al-Ghazzalfs attack on philosophers 
in his The Incoherence of the Incoherence. However, this 
work did not have as much influence in the" Muslim world 
as al-Ghazzalfs original attack. In fact as far as the world of 
Islam is concerned the influence of Avicenna was greater 
than that of Averroes. 

In the West, however, Averroes must be considered as 
the most influential Muslim thinker. In fact, most of his 
works survive today in Latin and Hebrew versions rather 
than the original Arabic. He was translated not only in the 
seventh/ thirteenth century into Hebrew and Latin but once 
again in the tenth/ sixteenth century when his commentaries 
attracted new attention and became the subject of heated 
debate. Altogether, however, his image in the West as the 
opponent of revealed religion does not conform to his real 
nature and there is a difference between Averroes as a 
Muslim philosopher and the “Latin Averroes” seen in the 
West through a misunderstanding of some of his teachings. 



Atofr al-Din al-TQsi (597/1201-672/1274) 

If we consider the whole domain of the arts and sciences 

and philosophy together, then no doubt after Avicenna the 
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most dominant figure is NasTr al-DTn al-TusT. Others like 
al-BTrunT displayed the same universal scientific genius but no 
one except Avicenna was able to leave a permanent imprint 
upon so many fields as NasTr al-DTn. Bom in Tus, NasTr 
al-DTn studied mathematics with Kamal al-DTn ibn Yunus 
and gained fame as an astronomer. At a time when Khurasan 
was being threatened by the Mongol invasion and there was 
much political uncertainty, NasTr al-DTn began his career in 
the service of some of the Ismaili princes. When Hulagu con- 
quered Persia, NasTr al-DTn, knowing that there was no way 
of preventing massive destruction, tried to salvage all that 
was possible by rendering his services as an astrologer and 
astronomer to Hulagu. In this way he gained the Mongol 
ruler’s confidence and saved many libraries and educational 
institutions. He was put in charge of religious endowments 
and was able to induce Hulagu to establish the Maragha 
observatory and scientific institution. As its director he 
brought mathematicians from near and far to this center and 
was personally responsible for the revival of the study of as- 
tronomy and mathematics in Islam. He spent most of his later 
years in Maragha and then at the end of his life went to 
Kazimain near Baghdad where he .died and was buried next 
to the tomb of Musa al-Kazim, the seventh Shiite imam. 

NasTr al-DTn was a prolific writer in both Arabic and Per- 
sian. He wrote commentaries on the whole cycle of Greek 
mathematical texts from Euclid to Ptolemy. He also wrote 
independent works in both mathematics and astronomy in 
which he criticized Ptolemy and even proposed a new plane- 
tary model. He also participated in the compilation of the 
astronomical tables in Maragha named after the Ilkhanids. 
NasTr al-DTn is the author of several definitive works on 
Ismaili doctrines written when he was in their hands. He re- 
vived the philosophy of Avicenna by answering the attacks 
made against him by theologians. He is the author of the 
Nasirean Ethics, the most widely read work of ethics in the 
Persian language. Being a twelver Shiite he also wrote several 
works on Shiite theology including the Catharsis ( Tajfid ), 
which is the most famous work of its kind and is still studied 
in all Shiite religious schools. Moreover, NasTr al-DTn com- 
posed an excellent treatise on Sufism and even wrote a few 
verses of poetry. In practically every field from theology and 
philosophy to mathematics and astronomy he left outstanding 
works. His influence in the Islamic world, particularly the 
eastern part of it, has been immense. In the West, however, 
only his astronomical and mathematical works were trans- 
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lated, but they became quite important and influential during 
the late Middle Ages and the Renaissance. 



Qu(b al-Dm al-ShJrazi (634/1236-710/1311) 

Qutb al-DIn, the most celebrated student of Na$Ir al-Dln 
al-TusI, was bom in Shiraz in a family of physicians. There 
he received his early education in medicine and also became a 
Sufi throu gh the influence of his father. Then he set out for 
Maragha where he studied with Naslr al-DIn who advised 
him to study mathematics and astronomy. He traveled 
throughout Persia, Syria and Asia Minor where he studied 
Sufism with §adr al-DIn al-QunawI, the disciple of the famous 
Ibn ‘ArabI, in Konya. Later he journeyed to Egypt where he 
stayed for some time and then returned to Persia, settling in 
Tabriz where he died. 

Qutb al-DIn is one of the major commentators on Avi- 
cenna’s medical works. He wrote one of the most widely read 
commentaries upon the Canon, and also composed numerous 
works on optics, geometry, astronomy, geography, philosophy 
and the religious sciences. He is the best known commenta- 
tor on the Illuminatist doctrines of Suhrawardi, and was him- 
self the author of several encyclopedic works that deal with 
many important physical and astronomical questions. Like 
most of the later figures of Islamic history, although famous 
in the East, he was not known in the West. 



<Abd al-Rahman AbU Zaid ibn Khaldun (732/1332— 
808/1406) 

Ibn Khaldun, whose significance as a “philosopher of his- 
tory” and master of the science of human behaviour has 
been discovered only recently, belonged to a family that had 
come originally from the Yemen and settled in Spain. He 
himself was bom in Tunis where he studied both the religious 
and philosophical sciences, being particularly interested in the 
teachings of Naslr al-Dln al-TusI. He became a royal secretary 
at the court of many different princes, thus traveling 
throughout North Africa and Spain. Then he set out on a 
pilgrimage, stopping on the way in Cairo where he lectured 
for a while at al-Azhar. He even accompanied the Mamluk 
ruler of Egypt to Damascus in the campaign against Tamer- 
lane and helped negotiate the surrender of that city. Finally 
he established himself in Cairo where he died. 
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Ibn Khaldun, in a career which was continuously con- 
nected with positions of political power, developed into a 
keen observer of the political life of his times. His sense of 
observation and his philosophical and metaphysical training 
enabled him to become an outstanding student of the science 
of man. He wrote on mathematics, theology and metaphysics, 
but his outstanding work is as a historian. His Kitab al-Hbar 
whose full title can be translated as Instructive Examples and 
Records of Origins and Events concerning the History of the 
Arabs , Persians , Berbers and their contemporaries who pos- 
sessed Great Powers , besides containing an excellent history 
of North Africa begins with the Muqaddimah or Pro- 
legomena upon which Ibn Khaldun’s particular fame is based. 
In this work he analyzes the causes for the rise and downfall 
of civilizations and cultures and makes especially pertinent 
comments on Islamic civilization. Besides summarizing the 
sciences, he also discusses the reasons for their cultivation in 
particular periods and the lack of interest in them in others. 
This work marks Ibn Khaldun as one of the masters of the 
science of man and human culture. 



Baha? al-DIn al-<Amitt (953/1546-1030/1621) 

Even in Islamic civilization Baha 3 al-DIn al- c Amili is re- 
markable for his many-sided genius. He was born in Baalbek 
in present-day Lebanon into a well-known Shiite family. At 
the age of thirteen, his father took him to Persia which, under 
the Safavids, was now beginning to attract Shiite scholars 
from near and far. He studied in Qazwin and Khurasan and 
became a famous religious scholar as the shaikh al-islam , 
that is to say the chief religious authority in the country, of 
Isfahan, the Safavid capital. At the same time he was a 
fervent, practicing Sufi and he composed many Sufi works in 
both Persian and Arabic which are still very popular. He be- 
came one of the most famous men of the Safavid renaissance 
and resided in Isfahan until the end of his life when he went 
to Meshed where he died and lies buried today. His tomb, 
like that of Naslr al-DIn, is visited by the pilgrims who flock 
regularly to the Shiite shrine cities, such as Meshed and 
Kazimain. 

Baha 3 al-DIn was not only a theologian and a Sufi, but also 
a well-known mathematician, architect, alchemist and au« 
thority on the occult sciences. He revived the study of mathe- 
matics and wrote treatises on mathematics and astronomy to 
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summarize the works of earlier masters. He was the last relig- 
ious scholar in Islam who was also a notable mathematician. 
Henceforth the teaching of mathematics deteriorated in of- 
ficial religious schools in Persia as it had done somewhat 
earlier in the western lands of Islam. After Baha 1 al-DIn 
gnostics and philosophers continued to appear, like his own 
student, Sadr al-DIn al-ShlrazI, who is the greatest of the 
later Muslim philosophers. But Baha 1 al-DIn was perhaps 
the last of the universal figures of learning in Islam, whose 
genius touched every field of knowledge from gnosis and 
theosophy to architecture and landscape design, and who in 
this way personified, like his predecessors, the ideal of the 
unification of knowledge which Islam has always sought to 
propagate and realize. 



CHAPTER TWO 



THE BASIS OF THE 
TEACHING SYSTEM AND THE 
educational INSTITUTIONS 

A. The Classifications of the Sciences 



The Islamic classification of the sciences is based upon a 
hierarchy which has over the centuries formed the matrix and 
background of the Muslim educational system. The unity of 
the sciences has throughout been the first and most central in- 
tuition, in the light of which the different sciences have been 
studied. Starting from this unarguable intuition of the unity 
of various disciplines, the sciences have come to be regarded 
as so many branches of a single tree, which grows and sends 
forth leaves and fruit in conformity with the nature of the 
tree itself. Just as a branch of a tree does not continue to 
grow indefinitely, so any discipline is not to be pursued be- 
yond a certain limit. The medieval Muslim authors regarded 
the pursuit of any particular branch of knowledge beyond its 
limits — thereby destroying the harmony and the proportion of 
things — as a useless, one might even say illegitimate activity, 
such as would be true of a branch of a tree which, by con- 
tinuing to grow indefinitely, would end by destroying the 
harmony of the tree as a whole. The means whereby the pro- 
portion and hierarchy of the sciences were preserved was 
through their classification to which Muslim scholars devoted 
so much attention: In this manner the scope and^position of 
each science within the total scheme of knowledge was always 
kept in view. 



59 



60 



Science and Civilization in Islam 



1. AL-FARABl AND THE CLASSIFICATION 
OF THE SCIENCES 

Among Muslim scholars, attempts to classify the sciences 
began as early as the third/ ninth century with al-Kindi, and 
multiplied thereafter. At first based on the Aristotelian di- 
vision of the sciences into theoretical, practical, and produc- 
tive, as described in Porphyry’s Isagoge, these systems of 
classification became progressively more elaborate. Islamic 
disciplines were added to the ancient sciences, and religious 
and metaphysical knowledge in the sense of gnosis came to 
occupy the highest levels. 

One of the earliest and most influential classifications was 
that of al-Farabi, contained in his Enumeration of the Sci- 
ences (Ihsa y al-'ulum) known in the West as De Scientiis, 
from the Latin translation by Gerard of Cremona, as well as 
in a Hebrew translation. Although partly eclipsed by his suc- 
cessor Avicenna, al-Farabi left his imprint upon most of the 
Muslim thinkers who followed him, as can be seen from the 
fact that his classification of the sciences was adopted, with 
only minor changes, by Avicenna, al-Ghazzall, and Averroes. 

Curiously enough, although al-Farabi himself wrote trea- 
tises on alchemy, the interpretation of dreams, and other 
esoteric sciences, he did not include them in his classification. 
In this respect, he was followed by the more rationalistic phi- 
losophers of the later centuries. 

His classification, according to the Enumeration of the 
Sciences, may be summarized as follows: 

I. Science of language: syntax 

grammar 

pronunciation and speech 
poetry 

II. Logic: the division, definition and composition of simple 
ideas [corresponding to the content of the Isagoge 
of Porphyry, and the Categories and On Interpre- 
tation of Aristotle.] The parts of logic after the 
terms have been defined are five: 

1. Necessary conditions for premises which would lead 
in a syllogism to certain knowledge [corresponding to 
the Posterior Analytics of Aristotle] 

2. Definition of useful syllogisms and the means of dis- 
covering dialectical proofs [corresponding to the Topics 
of Aristotle] 
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3. Examination of errors in proofs, and of omissions and 
mistakes committed in reasoning, and the ways of 
escaping them [corresponding to the On Sophistic Refu- 
tations of Aristotle] 

4. Definition of oratory: syllogisms used to bring a dis- 
cussion before the public [corresponding to Aristotle’s 
Rhetoric ] 

5. Study of poetry; how it should be adapted to each 
subject; its faults and imperfections [corresponding to 
Aristotle’s Poetics] 

III. The propaedeutic sciences: 

1. Arithmetic practical 

theoretical 

2. Geometry practical 

theoretical 

3. Optics 

4. Science of the heavens Astrology 

motions and figures of the 
heavenly bodies 

5. Music practical 

theoretical 

6. Science of weights 

7. Science of tool-making (the making of simple ma- 
chines and instruments for use in various arts and 
sciences, such as astronomy and music) 

IV. Physics (sciences of nature) 

Metaphysics (science concerned with the Divine and the 

principles of things) 

Physics: 

1. Knowledge of the principles which underlie natural 
bodies 

2. Knowledge of the nature and character of the elements, 
and of the principle by which they combine to form 
bodies 

3. Science of the generation and corruption of bodies 

4. Science of the reactions which the elements undergo 
in order to form compounds 

5. Science of compound bodies formed of the four ele- 
ments and their properties 

6. Science of minerals 

7. Science of plants 

8. Science of animals 

Metaphysics: 

1. Knowledge of the essence of beings 

2. Knowledge of the principles of the particular and ob- 
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servational sciences (the “first philosophy” of Aris- 
totle) 

3. Knowledge of noncorporeal beings, their qualities and 
characteristics, leading finally to the knowledge of the 
Truth, that is, of God, one of whose names is the 
Truth 

V. Science of Society: 

1. Jurisprudence 

2. Rhetoric 1 



2. IBN KHALDUN AND THE CLASSIFICATION 
OF THE SCIENCES 

Early attempts to classify the sciences were followed with 
some modification and elaboration during the next century by 
Avicenna in The Book of Healing and his Treatise on the 
Classification of the Intellectual Sciences, as well as by the 
Brethren of Purity in their well-known Epistles. Moreover, 
the tradition of composing works on the classification of the 
sciences and the description of each science gradually became 
further enhanced, as die various sciences became more de- 
veloped. This can be seen in The Book of Sixty Sciences by 
the sixth/twelfth-century theologian, Fakhr al-DIn al-Razi 
in which, as the name indicates, sixty sciences are mentioned 
and described. The most complete and detailed study of the 
sciences and their classification, however, appears in the writ- 
ings of the authors of the eighth/fourteenth to the eleventh/ 
seventeenth century, such as the Happiness of TashkubrS- 
zfidah; the neglected Persian encyclopedia of Shams al-Dln 
al-AmulI, called Precious Elements of the Sciences; the Clari- 
fication of Doubts of ITajjT Khallfah, and the well-known 
Introduction to History (Muqaddimah) of Ibn Khaldfln, which 
contains one of the best descriptions and classifications of the 
Muslim sciences. 

Coming at the end of the most active period of Islamic 
history, Ibn Khaldun’s analysis of the sciences represents 
the results of the reflection upon and acute observation of, a 
whole epoch of history by a profound Muslim scholar and 
historian who, in a sense, stood outside it. 

1 See al-Farabl, Catdlogo de las ciencias, edictfn y traducddn casteDana 
por Angel Gonzales Palencia (2d ed. Madrid: Publicaciones de la Facul- 
tad de Fflosofia y Letras, Universidad de Madrid, 1953), passim. 
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In his Introduction to History , Ibn Khaldun also surveys 
the arts and sciences of the Islamic world, defining the aim 
and scope of each discipline. Although his Introduction was 
not itself universally read during the later periods, his clas- 
sification contains in summary fashion the plan according to 
which the arts and sciences have, in fact, been studied in 
most religious Islamic schools during the past several cen- 
turies. Even if many of these schools, especially in the Sunni 
world, have not studied all the subjects enumerated by Ibn 
Khaldun, they have usually accepted the principles of his 
classification, which can be considered the final version of the 
Islamic division of the sciences. 

Ibn Khaldun’s division may be summarized as follows: 

Sciences studied philosophical and intellectual (such 

in the as can be learned by man naturally 

Islamic world: through the use of his innate reason 

and intelligence); 

transmitted (such as can be learned 
only by transmission, going back ulti- 
mately to the founder of the science 
and in the case of religious sciences 
to the origin of the Revelation) 
Philosophical or Intellectual Sciences: 

1. Logic 

2. Natural sciences Medicine 

or Physics: Agriculture 

3. Sciences of beings Magic and talisman; ^ 

beyond Nature, or Science of the occult properties of 

Metaphysics: letters of the alphabet; 

alchemy 

4. Sciences dealing Geometry (plain and spherical op- 

with quantity: tics); 

Arithmetic (property of numbers, art 
of calculation, algebra, commercial 
transactions, calculation of inheri- 
tance); 

Music; 

Astronomy (the making of astronom- 
ical tables, motion of heavenly bod- 
ies, astrology) 

Transmitted sciences: 

1. Quran, its interpretation and recitation 

2. JJadlth, the sayings of the Prophets and their chain of 
transmission; 

3. Jurisprudence, sacred law; 
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4. Theology; 

5. Sufism (al-tasawwuf); 

6. Linguistic sciences, such as Grammar, Lexicography, and 
Literature 2 



Not all of the sciences enumerated above have always been 
taught in all of the institutions of learning which have con- 
stituted the most formal and official educational organizations 
in the Islamic world. But they have been transmitted from 
one generation to another through either formal instruction 
or private teaching, and they must therefore be regarded as a 
part of the intellectual life of Islam. It is, needless to say, im- 
possible to give examples of all of these sciences in this book, 
even if we were to confine ourselves to those sciences which 
deal with the realm of Nature. We can do no more than 
describe briefly the institutions of learning which have been- 
for the most part responsible for keeping alive the tradition of 
learning over the centuries, and to present a sample from the 
writings of some of the more important scientific and philo- 
sophical schools, so as to form from the bits thus assembled 
a mosaic which may give some indication of the rich and 
varied intellectual life of the Islamic world. 



B. Educational Institutions 



Since the teachings of Islam are essentially gnostic in na- 
ture, all forms of knowledge, even the most external, take on 
a sacred character, so long as they remain faithful to the 
principles of the revelation. It is not accidental that the first 
verses revealed to the Prophet Muhammad were those of 



2 Ibn Khaldun, The Muqaddimah: An Introduction to Historic, translated 
from the Arabic by Franz Rosenthal (Bollingen Series XLIII. Copyright 
by Bollingen Foundation, New York, 1958. Distributed by Pantheon 
Books), passim. London: Routledge & Regan Paul Ltd. Reprinted by 
permission. 
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the Chapter “The Clot,” in which the primacy of knowledge 
is affirmed in the following words: 

1. Read: In the name of thy Lord who createth, 

2. Createth man from a clot. 

3. Read: And thy Lord is the Most Bounteous, 

4. Who teacheth by the pen, 

5. Teacheth man that which he knew not. 

Many of the verses of the Quran that were to follow af- 
firmed the sacred nature of knowledge and scientia (Him), 
one of God’s names being “He who knows” (al-'atim). The 
Prophet himself — although unlettered from the standpoint of 
human knowledge — was at the same time the channel of the 
revelation of the Book which is considered by all Muslims 
to be the quintessential sum of all knowledge, both human 
and divine. Moreover, he reaffirmed the teachings of the 
Quran by stressing that the acquisition of knowledge to the 
limits of one’s abilities is incumbent upon every believer, as 
part of his religious duties. His sayings — such as, “Seek 
knowledge from the cradle to the grave,” or “Seek knowledge, 
even in China” — were echoed through the later centuries 
as the most authoritative arguments for teaching and propa- 
gating knowledge (Him), even though debates also arose as 
to exactly what the knowledge to which the Prophet alluded, 
and whose attainment he considered so essential, encom- 
passed. 

Whatever arguments arose as to the definition of that 
knowledge the acquisition of which was a religious duty, 
there is no doubt that the Quranic verses and prophetic say- 
ings, which emphasized the importance of learning, along 
with the fact that the central symbol of the Islamic revelation 
is a book, made learning inseparable from religion. The first 
place in which teaching was carried on in Islam was the 
mosque, and ever since the very first decades of Muslim his- 
tory, the institutions of learning have remained for the most 
part inseparable from the mosque, and have usually been sup- 
ported by religious endowments. 

The mosque began to serve as a school as early as the 
reign of the second caliph c Umar, who appointed “narrators,” 
qass in the singular, to the mosques of such cities as Kufa, 
Basra, and Damascus, for the purpose of reciting the Quran 
and the Hadlth (prophetic traditions). Gradually, instruction 
in Arabic grammar and literature became incorporated into 
this simple and rudimentary form of education, which be- 
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came the nucleus of the later and more fully developed in- 
stitutions of learning. Out of this early instruction in language 
and religion, there grew both the popular elementary school 
(maktab), and the advanced centers of learning which were 
to develop into the first universities of the Middle Ages, and 
to serve as models for the early European universities during 
the eleventh and twelfth centuries. 

The purpose of the maktab, which still survives in many 
parts of the Islamic world, has always been to acquaint the 
young with a knowledge of reading and writing and, more 
specifically, with the principles of religion. Both boys and 
girls have been given instruction, generally in a mosque, but 
also sometimes in private houses. The student is instructed to 
have reverence both for the teacher and for the subject 
taught; the gifted ones are recognized at this early stage and, 
in most cases, then encouraged to continue their studies at 
more advanced levels. The maktab has thus served both as 
the center for the religious and literary education of the gen- 
eral community and also — what is of more interest to our 
present study — as the preparatory stage for the advanced in- 
stitutions of learning, in which the sciences have been taught 
and cultivated. Whether given in formal sessions held at the 
mosque, or through private tutoring at the houses of the 
wealthy, early instruction at the level of the maktab has 
shaped the basic attitude of the student toward his teachers 
and toward learning as such — an attitude which has usually 
persisted into the more advanced phases of instruction. 

Most of the Islamic books on ethics, as well as those on 
education, have one or more chapters devoted to the ideal 
conditions for the upbringing and education of the young 
student, and to the way in which he should be prepared to 
undertake more advanced study. 

For example, Ibn Khaldun in his Introduction to History, 
which contains an extensive study of scientific education as 
well as of the sciences themselves, discusses the manner in 
which the student should be taught the sciences, especially the 
Quran, which is the first and most important subject taught 
to the young when they begin their formal education. 



The instruction of children and the different methods 
employed in the Muslim cities. 

It should be known that instruction of children in the Qur’fin 
is a symbol of Islam. Muslims have, and practice, such ins true- 
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tion in all their cities, because it imbues hearts with a firm be- 
lief (in Islam) and its articles of faith, which are (derived) 
from the verses of the Quran and certain Prophetic traditions. 
The Qur an has become the basis of instruction, the foundation 
for all habits that may be acquired later on. The reason for this 
is that the things one is taught in one’s youth take root more 
deeply (than anything else). They are the basis of all later 
(knowledge). The first impression the heart receives is, in a 
way, the foundation of (all scholarly) habits. The character of 
the foundation determines the conditions of the building. The 
methods of instructing children in the Quran differ according 
to differences of opinion as to the habits that are to result from 
that instruction. 

The Maghrib! method is to restrict the education of children 
to instruction in the Quran and to practice, during the course 
(of instruction), in Quran orthography and its problems 
and the differences among Quran experts on this score. The 
(Maghribls) do not bring up any other subjects in their classes, 
such as traditions, jurisprudence, poetry, or Arabic philology, 
until the pupil is skilled in (the Quran), or drops Out before 
becoming skilled in it. In the latter case, it means, as a rule, 
that he will not learn anything. This is the method the urban 
population in the Maghrib and the native Berber Quran teach- 
ers who follow their (urban compatriots) use in educating 
their children up to the age of manhood. They use it also with 
old people who study the Quran after part of their life has 
passed. Consequently, (Maghribls) know the orthography of 
the Quran, and know it by heart, better than any other 
(Muslim group). 

The Spanish method is instruction in reading and writing as 
such. That is what they pay attention to in the instruction (of 
children). However, since the Quran is the basis and founda- 
tion of (all) that and the source of Islam and (all) the sciences, 
they make it the basis of instruction, but they do not restrict 
their instruction of children exclusively to (the Quran). They 
also bring in (other subjects), mainly poetry and composition, 
and they give the children an expert knowledge of Arabic and 
teach them a good handwriting. They do not stress teaching of 
the Quran more than the other subjects. In fact, they are more 
concerned with teaching handwriting than any other subject, 
until the child reaches manhood. He then has some experience 
and knowledge of the Arabic language and poetry. He has an 
excellent knowledge of handwriting, and he would have a thor- 
ough acquaintance with scholarship in general, if the tradition 
of scholarly instruction (still) existed in (Spain), but he does 
not, because the tradition no longer exists there. Thus (present- 
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day Spanish children) obtain no further (knowledge) than 
what their primary instruction provides. It is enough for those 
whom God guides. It prepares (them for further studies), in 
the event that a teacher (of them) can be found. 

The people of Ifrlqiyah [North Africa] combine the instruc- 
tion of children in the Qur’an, usually, with the teaching of 
traditions. They also teach basic scientific norms and certain 
scientific problems. However, they stress giving their children 
a good knowledge of the Qur’an and acquainting them with its 
various recensions and readings more than anything else. Next 
they stress handwriting. In general, their method of instruc- 
tion in the Qur’an is closer to the Spanish method (than to 
Maghrib! or Eastern methods), because their (educational tra- 
dition) derives from the Spanish shaykhs who crossed over 
when the Christians conquered Spain, and asked for hospital- 
ity in Tunis. From that time on, they were the teachers of 
(Tunisian) children. 

The people of the East, as far as we know, likewise have a 
mixed curriculum. I do not know what (subjects) they stress 
(primarily). We have been told that they are concerned with 
teaching the Qur’an and the works and basic norms of (re- 
ligious) scholarship once (the children) are grown up. They 
do not combine (instruction in the Qur’an) with instruction 
in handwriting. They have (special) rule(s) for teaching it, 
and there are special teachers for it, just like any other craft 
which is taught (separately) and not included in the school 
curriculum for children. The children’s slates (on which they 
practice) exhibit an inferior form of handwriting. Those who 
want to learn a (good) handwriting may do so later (on in 
their lives) from professional (calligraphers), to the extent 
of their interest in it and desire. 

The fact that the people of Ifrlqiyah and the Maghrib re- 
strict themselves to the Qur’fin makes them altogether in- 
capable of mastering the linguistic habit. For as a rule, no 
(scholarly) habit can originate from the (study of the) Qur’an, 
because no human being can produce anything like it. Thus, 
human beings are unable to employ or imitate its ways (uslub), 
and they also can form no habit in any other respect. Conse- 
quently, a person who knows (the Qur’an) does not acquire 
the habit of the Arabic language. It will be his lot to be awk- 
ward in expression and to have little fluency in speaking. This 
situation is not quite so pronounced among the people of 
Ifrlqiyah as among the Maghribls, because, as we have stated, 
the former combine instruction in the Qur’an with instruction 
in the terminology of scientific norms. Thus, they get some 
practice and have some examples to imitate. However, their 
habit in this respect does not amount to a good style (elo- 
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quence), because their knowledge mostly consists of scholarly 
terminology which falls short of good style, as will be men- 
tioned in the proper section. 

As for the Spaniards, their varied curriculum with its great 
amount of instruction in poetry, composition, and the Arabic 
philology gave them, from their early years on, a habit pro- 
viding for a better acquaintance with the Arabic language. 
They were less proficient in all the other (religious) sciences, 
because they were little familiar with study of the Quran and 
the traditions that are the basis and foundation of the (religious) 
sciences. Thus, they were people who knew how to write and 
who had a literary education that was either excellent or de- 
ficient, depending on the secondary education they received 
after their childhood education. 8 



C. Institutions of Higher Learning 



As the newly formed Islamic society became more firmly 
established, and its energies turned from outward growth to 
inward development, educational institutions came into bding 
which played a vital role in the cultivation of the arts and sci- 
ences. The first important center to be particularly concerned 
with philosophy and the natural and mathematical sciences 
was the Bait al-hikmah (House of wisdom), constructed in 
Baghdad by the caliph al-Ma>mun around 200/815, to which 
a library and an observatory were joined. Supported by the 
state treasury, this famous school became the gathering place 
for many scientists and scholars, and particularly for compe- 
tent translators, who translated almost the whole of Greek 
scientific and philosophical literature into Arabic, thus pre- 
paring the ground for the absorption of that literature by 
Islam. The amount of translation from the Greek and the 

3 Ibn Khaldun, The Mugaddimah: An Introduction to History , translated 
from the Arabic by Franz Rosenthal. (Bollingen Series XLIII. Copyright 
by Bollingen Foundation, New York. 1958. Distributed by Princeton 
University Press), vol. 3, pp. 300-303. London: Routledge & Kegan Paul 
Ltd. Reprinted by permission. 
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Syriac, and also from Pahlavi and Sanskrit, during the third/ 
ninth and fourth/ tenth centuries, by such men as Hunain ibn 
Ishaq, Thabit ibn Qurrah and Ibn Muqaffa' — all of them 
competent scholars and scientists — was in fact so great that 
even today more of the writings of the Greek Aristotelians — 
i.e., of Aristotle and his commentators — are extant in Arabic 
than in any of the modern European languages. Moreover, 
there are many fragments of the writings of Aristotle, of the 
Alexandrian philosophers, the Neopythagoreans and Neo- 
platonists, the Hermetic corpus, and the works of such sci- 
entists as Galen, which exist today only in the Arabic transla- 
tion done at al-Ma’mun’s academy or by translators who 
were stimulated by the activities of that institution. 

The great interest in pre-Islamic or what is traditionally 
called awa?il sciences — that is, sciences that existed “in 
the beginning,” before the rise of Islam— became a part 
of the affairs of the state to an extent that cannot be ex- 
plained solely by the personal interest of an individual ruler 
such as HarOn al-Rashid or al-Ma 5 mfln, however important 
such interest may have been. The real cause for this sudden 
interest on the part of the Islamic community at the begin- 
ning of the third/ninth century in non-Islamic sciences, espe- 
cially in Greek philosophy and science, in contrast to the at 
best sporadic interest of the previous century, must be sought 
in the new challenge which Islamic society faced. This chal- 
lenge came from the theologians and philosophers of the 
religious minorities within the Islamic world, especially the 
Christians and Jews. In the debates carried on in cities like 
Damascus and Baghdad between Christians, Jews and Muslims, 
the last-named group often found itself on the losing side, 
for they were unable to defend the principles of faith through 
logical arguments, as could other religious groups, nor could 
they appeal to logical proofs to demonstrate the truth of the 
tenets of Islam. The interest of the caliphate in making Greek 
sciences available in Arabic most likely stems from this chal- 
lenge, which might very well have affected the role of re- 
ligious law in Islamic society, upon which the authority of 
the caliphate itself was based. It was therefore for the pur- 
poses of safeguarding the interests of the Muslim community 
that the early Abbasid caliphs turned the attention of scholars 
to the study of Greek philosophy and science. 

Until the fourth/ tenth century, the main institution of 
learning, aside from the maktab, was the circle or “gathering” 
(majtis), which was presided over by a professor (often called 
shaikh, hakim or ustadh), and in which various sciences, 
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both religious and philosophic, were discussed. Then, in 395/ 
1005, the Fatimid caliph al-Hakim constructed the Dar 
(House of knowledge) in Cairo, in which mathematics and 
physics were taught, and which had a library that, by some 
accounts, had over a million books. Other Shiite institutions 
of this same name, and following it as a model, began to be 
established in many cities during the following century. 

The institutions of higher learning, or universities, reached 
the climax of their development in the latter half of the fifth/ 
eleventh century, when the Seljuq vizier, Nizam al-Mulk, 
established a chain of colleges or madaris (sing., madrasah ) 
in Baghdad, Naishapur and other cities. That of Baghdad, 
which is justly the most famous of the group, was founded 
in 459/1067 for the celebrated teacher of jurisprudence, 
Abu Ishaq al-Shlrazi; later, its most important teaching post 
was held by the famous al-Ghazzali. The madrasah was 
henceforth extended, with some modification, to other parts 
of the Islamic world; for example, in 585/1189, Saladin in- 
troduced it to Jerusalem; the Almohads, at about the same 
period, built madaris in North Africa; finally, a large 
madrasah was constructed in Granada in 750/ 1349, and shortly 
after the beautiful al- c Attarin mosque of Fez was founded 
across the straits in Morocco. 

In the East, great schools continued to be constructed — 
such as the recently renovated al-Mustansarlyah of Baghdad, 
which stands on the banks of the Tigris, and the madaris of 
Central Asia, especially that of Samarkand, built by Tamer- 
lane and his descendants. Shiite institutions flourished, and 
many well-known schools were founded by the Safavids in 
Isfahan, Meshed and Shiraz — such as the Chahar Bagh of 
Isfahan, whose building is one of the masterpieces of Islamic 
art, and the Khan school of Shiraz, where the outstanding 
Persian sage, Mulla Sadra, was among the teachers, and 
where, during the eleventh/ seventeenth century, European 
travelers witnessed a very active and comprehensive academic 
life. 

The institutions of higher learning have continued to 
flourish from the early medieval period to the present, some 
having preserved a continuous tradition of learning over the 
centuries. The Qarawlyln of Fez in Morocco is eleven cen- 
turies old, and is very likely the oldest university in the world; 
the al-Azhar, which was originally a Shiite institution, but 
later became the center of Sunni learning, recently celebrated 
its first millennium of existence. Likewise, the Shiite center 
of lear ning founded in Najaf in the fifth/eleventh century 
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continues to function today as one of the largest religious 
universities in the Muslim world. 

As far as the teaching personnel of the madaris is con- 
cerned, in both the Shiite and the Sunni schools, the pattern 
has been more or less the same. The classes are directed by a 
mudarris who is comparable to a professor, who has a naUb 
(substitute professor) and also a muld who acts as a “drill 
master,” the latter repeating the teachings of the professor, 
like the repetiteur of Western universities. In the question of 
curriculum, however, there is a definite difference between 
the Sunni and Shiite institutions of learning. The Sunni 
madrasah was established essentially for the purpose of train- 
ing students in the sacred law and other religious sciences; its 
program consisted primarily of the Quran, Hadlth, exegesis, 
Arabic grammar and literature, law, theology and oratory (to 
which the study of philosophy and history, and a small 
amount of mathematics, were occasionally added). The Shiite 
schools, however, showed an affinity toward the awa'il sci- 
ences, placing a much greater emphasis in their program on 
these subjects. 

Certain schools of Greek philosophy and science, especially 
the more esoteric schools connected with Neopythagoreanism 
and Hermeticism, became integrated into the Shiite perspec- 
tive at an early period, and some of the Shiite imams legiti- 
mized the study of the awaHl sciences and even encouraged it. 
The Sunni lawyers and jurisprudents, however, for the most 
part remained aloof from these sciences and, in fact, often 
opposed them. They usually accepted only Aristotelian logic, 
which thereby became an accredited discipline and aided dis- 
cussions — on questions of law and theology, and even gram- 
mar. The early opposition between the rival grammatical 
schools of Basra and Kufa — of which the former were more 
“Aristotelian” and the latter more “Hermetic” and “Stoic” — 
was a sign of this difference in attitude, which became more 
marked during later centuries. The Sunni schools' were in 
general more inclined toward the study of law and theology, 
and the Shiite to the sciences of Nature and mathematics, 
although many Sunni rulers and princes also cultivated these 
sciences on their own. 

Logic was always part of the program of al-Azhar Uni- 
versity, and until a few years ago the students of the Qara- 
wlyln in FeZ studied some Islamic philosophy. But the tend- 
ency toward differentiation was present, as can be seen from 
the fact that the fourth/ tenth Century, during which po- 
litical power in the Islamic world rested mainly in the hands 
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of the Shiah, marks the height of activity in the intellectual 
sciences. After Islamic philosophy came to an end in the 
Sunni world with Averroes, it found a new life in the Shiah 
world, especially in Persia, and has continued as a living 
tradition in that country to the present day. Even today, many 
students from the traditional Shiite religious schools, after 
completing their studies in philology and the religious sci- 
ences, undertake a study of the complete cycle of Islamic phi- 
losophy and theosophy (consisting of logic, natural philoso- 
phy and metaphysics), in which they read the books of 
Avicenna, such as Salvation and The Book of Healing, and 
the Spiritual Journeys of Mulla Sadra. Some also continue 
the traditional course of mathematics, which runs from sim- 
ple treatises on arithmetic, through the commentary of 
Naslr al-DIn al-Tusi on the Elements of Euclid, plane and 
solid trigonometry, algebra, and the Optics of Euclid, and 
ends with the study of Naslr al-DIn al-TusI’s commentary 
upon the Almagest of Ptolemy, followed usually by a sum- 
mary study of modern astronomy. 

Whatever the differences may have been in the subject mat- 
ter taught in the Sunni and Shiite schools, the general at- 
mosphere of the madrasah has been the same throughout the 
Islamic world. The transmission of knowledge has always had 
a highly personal aspect, in that the student has sought a par- 
ticular master rather than an institution, and has submitted 
himself to that chosen teacher wholeheartedly. The relation 
that has always existed between the teacher and the student 
has been a highly intimate one, in which the student reveres 
the teacher as a father and obeys him, even in personal matters 
not connected with his formal studies. The atmosphere of these 
schools has been very relaxed and informal, without there 
being any great academic or financial pressure upon the 
student. All religious education has been free; in. fact, the 
student receives his room and board from the religious en- 
dowment of the institution in which he studies. Nor has 
there ever been the strong incentive to receive a diploma and 
then seek to benefit from its social and economic advantages, 
prevalent in so many modern educational institutions. 

That is why a person may often remain a student all his 
life, mastering one subject after another and going from one 
teacher to the next. Usually, when he has mastered a subject 
to his teacher’s satisfaction, he receives from him a permit 
(ijazah), stating the student’s competence in that subject. If 
the student is well qualified, then there is a likelihood of his 
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becoming a teacher in turn and giving a student of his an 
ijazah. In even the most formal type of learning, oral teach- 
ing accompanies the written texts and the importance of 
actually hearing a teacher and receiving an ijazah from him 
personally keeps alive a chain (isnad) of transmission which 
is of paramount importance in preserving and perpetuating 
the Islamic educational tradition. In this process the intimate 
contact between teacher and student, and the many years of 
living together, often in the same quarters, has much to do 
with making possible the transmission of the spirit as well as 
the letter of the various branches of knowledge, which have 
always been instrumental in the normal functioning of Islamic 
society. 

Although the curriculum of the madrasah has not been 
the same during all periods of Islamic history, and in all parts 
of the Islamic world, there has been a general ideal order, 
which has always remained in the background, and has often 
been followed, especially in the schools where the philosophic 
or awa?il sciences have been taught. Early in Isl amic history, 
the famous philosopher al-Farabl, whose classification of the 
sciences we have just discussed, had already turned to a con- 
sideration of the order in which the study of the sciences 
should be undertaken, and the disciplines that should be mas- 
tered. In his Attainment of Happiness he writes: 

"Hie first genus of beings into which one should inquire is that 
which is easier for man and in which perplexity and mental 
confusion are less likely to occur. This is the genus of numbers 
and magnitudes. ... 

It is characteristic of this science that inquires into num- 
bers and magnitudes that the principles of instruction in it are 
identical with the principles of being. Hence all demonstrations 
proceeding from its principles combine the two things— I mean 
they give an account of the thing’s existence and of why it 
exists: all of them are demonstrations of both that the thing 
is and why it is. Of the principles of being, it employs [only the 
formal, that is] what the thing is and by what and how it is, to 
die exclusion of the other three. For numbers and magnitudes, 
in the mind and stripped from the material, have no principles 
related to their genus apart from the principles of their being 
just mentioned. They possess the other principles only on ac- 
count of their coming into being by nature or the will, that is, 
when they are assumed to be in materials. Since this science 
does not inquire into them as being in materials, it does not 
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deal with what is extraneous to them so far as they are not in 
materials. 

One begins, then, first with numbers [that is, arithmetic], pro- 
ceeds next to magnitudes [that is, geometry], and then to all 
things in which number and magnitude are inherent essentially 
(such as optics, and the magnitudes in motion, which are the 
heavenly bodies), music, the study of weights, and mechanics. 

In this way one begins with things that may be comprehended 
and conceived irrespective of any material. He then proceeds 
to things that can be comprehended, conceived, and inteilected 
by only slight reference to a material. Next, the things that can 
only be comprehended, conceived, and inteilected with slightly 
more reference to a material. He continues thus toward the 
things wherein number and magnitude inhere, yet that which 
can be inteilected in them does not become intelligible except 
by progressively greater reference to the material. This will 
lead him to the heavenly bodies, then music, then the study of 
weights and mechanics, where he is forced to deal with things 
that become intelligible only with difficulty, or that cannot 
exist, except when they are in materials. One is now forced to 
include principles other than what , by what and how . He has 
come to the borderline between the genus that does not have 
any other principle of being apart from what it is, and the 
genus whose species possess the four principles. It is at this 
point that the natural principles come into view. 

At this juncture one ought to set out to know the beings that 
possess the four principles of being: that is, the genus compris- 
ing the things that can be perceived by the intellect only when 
they are in materials. (Indeed the materials are called [by some] 
the natural things.) The inquirer ought to seize upon all the 
principles of instruction — that is, the first premises — relative 
to the genus consisting of particular things. He also should look 
into the primary knowledge he has and adopt from it whatever 
he recognizes as appropriate for being made into principles of 
instruction in this science. 

He then should begin to inquire into bodies and into things 
that are in bodies. The genera of bodies constitute the world 
and the things comprised by the world. In general, they are the 
genera of sensible bodies or of such bodies that possess sensible 
qualities: that is, the heavenly bodies; then earth, water, air 
and things of this kind (fire, vapor, etc.); then the stony and 
mineral bodies on the surface of the earth and inside it; and 
finally, plants, irrational animals, and rational animals. He 
should give an account of (a) the fact of the being, and ( b ) 
all the principles of being of every one of these genera, and of 
every one of the species of every genus: that is, in every prob- 
lem relative to them, he should give an account of (a) the 
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&ct that the thing is, and (b) what, by what, and how it is, 
from what it is, and for what it is. In none of them is he to 
confine himself to its proximate principles. Instead he should 
give an account of the principles of its principles and of the 
principles of the principles of its principles, until he arrives 
at its ultimate corporeal principle. 

The principles of instruction in most of what this science 
comprises are distinct from the principles of being, and it is 
through the principles of instruction that one comes to know 
the principles of being. For in every genus of natural things 
the principles of instruction are inferior to the principles of 
being, since the principles of being in such a genus are the 
grounds to which the principles of instruction owe their ex- 
istence. Hence the ascent toward knowledge of the principles 
of being of every genus or species can be made only through 
things that originate in these principles. If these happen to be 
proximate principles A that in turn have other principles B, the 
proximate principles A should be employed as principles of 
instruction from which to ascend to knowledge of their prin- 
ciples B. Then, when these principles B become known, one 
proceeds from them to the principles of these principles, C, 
until he arrives at the ultimate principles of being in the genus. 
If*. * . r ascending from the principles of instruction to the 
principles of being and the knowledge of the principles of be- 
ing, there are (in addition to the primary cognitions from 
which we ascended to the principles) other things originating 
from these principles, and which are still unknown, then we 
proceed to use these principles of being as principles of in- 
struction and so come to know the other, inferior things. In 
relation to the other things, our principles are now both prin- 
ciples of instruction and principles of being. We follow this 
procedure in every genus of sensible bodies and in each of the 
species of every genus. 

When one finally comes to inquire into the heavenly bodies 
and investigate the principles of their being, this inquiry into 
the principles of their being will force him to look for prin- 
ciples that are not natures or natural things, but beings more 
perfect than nature and natural things. They are also not bod- 
ies or in bodies. Therefore one needs another kind of investi- 
gation here and another science that inquires exclusively into 
beings that are metaphysical. At this point he is again standing 
between two sciences: the science of nature and [metaphysics 
or] the science of what is beyond natural things in the order of 
investigation and instruction and above them in the order of 
being. 

When his inquiry finally reaches the stage of investigating 
the principles of the being of animals, he will be forced to in- 
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quire into the soul and learn about psychical [or animate] 
principles, and from there ascend to the inquiry into the ra- 
tional animal. As he investigates the principles of the latter, 
he will be forced to inquire into ( 1 ) what , by what , and how , 
(2-3) from what , and (4) for what it is. It is here that he 
acquaints himself with the intellect and things intelligible. He 
needs to investigate ( 1 ) what the intellect is and by what and 
how it is, and (2-3) from what and (4) for what it is. This 
investigation will force him to look for other principles that 
are not bodies or in bodies, and that never were or ever will 
be in bodies. This inquiry into the rational animal will thus 
lead him to the same conclusion as the inquiry into the heavenly 
bodies. Now he acquaints himself with incorporeal principles 
that are to the beings below the heavenly bodies as those in- 
corporeal principles (with which he became acquainted when 
investigating the heavenly bodies) are to the heavenly bodies. 
He will acquaint himself with the principles for the sake of 
which the soul and the intellect are made, and with the ends 
and the ultimate perfection for the sake of which man is made. 
He will know that the natural principles in man and in the 
world are not sufficient for man’s coming to that perfection 
for the sake of whose achievement he is made. It will become 
evident that man needs some rational, intellectual principles 
with which to work toward that perfection. 

At this point the inquirer will have sighted another genus of 
things, different from the metaphysical. It is incumbent on 
man to investigate what is included in this genus: that is, the 
things that realize for man his objective through the intellectual 
principles that are in him, and by which he achieves that per- 
fection that became known in natural science. It will become 
evident concomitantly that these rational principles are not 
mere causes by which man attains the perfection for which he 
is made. Moreover, he will know that these rational principles 
also supply many things to natural being other than those sup- 
plied by nature. Indeed man arrives at the ultimate perfection 
(whereby he attains that which renders him truly substantial) 
only when he labors with these principles toward achieving 
this perfection. Moreover, he cannot labor toward this perfec- 
tion except by exploiting a large number of natural beings and 
until he manipulates them to render them useful to him for 
arriving at the ultimate perfection he should achieve. Further- 
more, it will become evident to him in this science that each 
man achieves only a portion of that perfection, and what he 
achieves of this portion varies in its extent, for an isolated in- 
dividual cannot achieve all the perfections by himself and 
without the aid of many other individuals. It is the innate 
disposition of every man to join another human being or other 
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men in the labor he ought to perform: this is the condition of 
every single man. Therefore, to achieve what he can of that 
perfection, every man needs to stay in the neighborhood of 
others and associate with them. It is also the innate nature of 
this animal to seek shelter and to dwell in the neighborhood 
of those who belong to the same species, which is why he is 
called the social and political animal. There emerges now 
another science and another inquiry that investigates these in- 
tellectual principles and the acts and states of diameter with 
which man labors toward this perfection. From this, in turn, 
emerge the science of man and political science. 

He should begin to inquire into the metaphysical beings and, 
in treating them, use the methods he used in treating natural 
things. He should use as their principles of instruction the first 
premises that happen to be available and are appropriate to 
this genus, and in addition, the demonstrations of natural sci- 
ence that fit as principles of instruction in this genus. These 
should be arranged according to the order mentioned above, 
until one covers every being in this genus. It will become evi- 
dent to whoever investigates these things that none of them 
can possess any material at all; one ought to investigate every 
one of them only as to (1 ) what and how it is, (2-3) from what 
agent and (4) for what it is. He should continue this investi- 
gation until he finally reaches a being that cannot possess any 
of these principles at all (either what it is or from what it is 
or for what it is) but is itself the first principle of all the afore- 
mentioned beings: it is itself that by which, from which, and 
for which they are, in the most perfect modes in which a thing 
can be a principle for the beings, modes free from all defects. 
Having understood this, he should investigate next what prop- 
erties the other beings possess as a consequence of their having 
this being as their principle and the cause of their being. He 
should begin with the being whose rank is higher than the rest 
(that is, the one nearest to the first principle), until he ter- 
minates in the being whose rank is inferior to the rest (that 
is, the one furthest from the first principle). He will thus come 
to know the ultimate causes of the beings. This is the divine 
inquiry into them. For the first principle is the divinity, and 
the principles that come after it— and are not bodies or in 
bodies — are the divine principles. 

Then he should set out next upon the science of man and 
investigate the what and the how of the purpose for which man 
is made, that is, the perfection that man must achieve. Then he 
should investigate all the things by which man achieves this 
perfection or that are useful to him in achieving it These are 
e good, virtuous, and noble things. He should distinguish 
them from things that obstruct his achieving this perfection. 
These are the evils, the vices, and the base things. He should 
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make known what and how every one of them is, and from 
what and for what it is, until all of them become known, in- 
telligible and distinguished from each other. This is political 
science. It consists of knowing the things by which the citizens 
of cities attain happiness through political association in the 
measure that innate disposition equips each of them for it. 

It will become evident to him that political association and the 
totality that results from the association of citizens in cities 
correspond to the association of the bodies that constitute the 
totality of the world. He will come to see in what are included 
in the totality constituted by the city and the nation the like- 
nesses of what are included in the total world. Just as in the 
world there is a first principle, then other principles subordi- 
nate to it, beings that proceed from these principles, other 
beings subordinate to these beings, until they terminate in the 
beings with the lowest rank in the order of being, the nation or 
the city includes a supreme commander, followed by other com- 
manders, followed by other citizens, who in turn are followed 
by other citizens, until they terminate in the citizens with the 
lowest rank as citizens and as human beings. Thus the city 
includes the likenesses of the things included in the total 
world. 

This, then, is theoretical perfection. As you see, it comprises 
knowledge of the four kinds of things by which the citizens of 
cities and nations attain supreme happiness. What still remains 
is that these four be realized and have actual existence in na- 
tions and cities while conforming to the account of them given 
by the theoretical sciences. 4 

Even if the whole field of theoretical knowledge discussed 
by al-Farabi has not always been taught in every madrasah in 
Islam, there have always been those who have been com- 
petent to teach some aspect of it. Thus, the seeker after 
knowledge, or the real student who characteristically is called 
talabah in Arabic (i.e., “one who seeks”) has perhaps had to 
wander from one school to another, from one master to the 
next, but he has always found the knowledge he has sought 
if he has searched hard enough. The institutions of learning, 
although weakened in many parts of the Muslim world after 
the eighth /fourteenth and ninth/ fifteenth centuries, have 
nevertheless continued to preserve that tradition of learning 
which is known so well by the fruit it bore during the 
medieval period. 

4 Alfarabi f s Philosophy of Plato and Aristotle, translated and with an 
introduction by M. Mahdi (New York: Free Press of Glencoe, 1962), 
pp. 19-25. Copyright © The Free Press of Glencoe, a division of the 
Macmillan Company, 1932. Reprinted by permission of The Macmillan 
Company. 
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D. The Observatories 



The construction of observatories as distinct scientific in- 
stitutions, in which observation is carried out, and also as cen- 
ters for teaching astronomy and allied subjects, owes its 
origin to Islam. The first Islamic observatory was the Sham- 
wh i ch al-Ma>m0n had built in Baghdad around 
213/828, and which was headed by two famous astron- 
omers, Fadl ibn al-Naubakht and Muhammad ibn Musa al- 
KhwarazmL This was soon followed by a series of observa- 
tones, each connected with the name of an individual astron- 
omer, such as that of al-Battam at Raqqa, and c Abd al-Rah- 
man al-Sufi in Shiraz. However, after the fourth /tenth cen- 
tury, the observatory began to acquire a more general nature 
and was usually supported by the ruler — for example, the 
observatory at Hamadan was built by the Persian prince <Ala J 
al-Daulah for Avicenna around 414/1023. Less than a cen- 
tury later, the Seljuq ruler, Malikshah, constructed the first 
royal observatory to have had a fairly long life, and in 
which several astronomers, including ‘Umar Khayyam, de- 
vised the Jalali calendar. 

In the western lands of Islam there were fewer observa- 
tories in general than in the East. Nevertheless, one finds an 
observatory in Toledo, where in the fifth/ eleventh century 
al-Zarqali (the Latin “Arzachel”) worked on the Toledan 
ZT/, which was to play such an important role in the history 
of European astronomy. Moreover, the beautiful Giralda 
tower °f Seville which is now part of the cathedral, was 
used by Jabir ibn Aflah as an observatory. Some of the 
astronomers, such as Avempace (Ibn Bajjah), also had 
private observatories of their own. 

The development of the observatory reached new heights 
with that at Maragha, begun in 6S7/1261 by the order of 
ulagu, the grandson of Genghis Khan, and supported by 
religious endowment. To it was joined a library of 400,000 
books, and (as the research of several modem scholars espe- 

Arabi^and ° f °. rigin and which has entered into 

actually^ by way of Pahlavi, means astronomical tables. But 
ac ually most zi/s contain not only tables but also theoretical astronomical 

astronom”*’ OI ? cl H onolo 8y> elaborate treatment of mathematical 

related subjects. The zij’s which constitute one of the 
XTSSTT*"* of Islamic astronomical literature are usually named 
l their c ?, mpil f r ’ Patron, or city in which they were compiled 
although occasionally other means of naming have been used. 
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dally A. Sayili in his The Observatory in Islam has shown), it 
was well equipped with astronomical instruments — including a 
mural quadrant with a radius of about 430 cm., armillary 
spheres, solsticial armilla, equinoctial armilla and azimuth 
rings. Here, in 670/1274, the Ilkhanid Zij were completed. But 
the observatory at Maragha was not just a place for astro- 
nomical observation. It was a complex scientific institution, in 
which nearly every branch of science was taught, and where 
some of the most famous scientists of the medieval period 
were assembled. 

The institution was headed by Nasir al-DIn al-TusI, and 
included Qutb al-DIn al-ShlrazI, who is credited with the 
discovery of the true cause of the rainbow, Muhyi al-DIn 
al-Maghribl, Najm al-DIn Dablran al-QazwInl and Athlr 
al-DIn al-Abhari, most of whom were famous philosophers, 
as well as astronomers. There was also on the staff a Chi- 
nese scientist named Fao-Mun-JI, inasmuch as this was the 
period of exchange of astronomical ideas between Persia 
and China. Also at Maragha the famous Christian encyclo- 
pedist and philosopher Barhebraeus lectured on Euclid’s Ele- 
ments and Ptolemy’s Almagest. 

The peak period of the observatory as a scientific institu- 
tion was reached in the ninth/ fifteenth century when Ulugh 
Beg, the grandson of Tamerlane, built his observatory at 
Samarkand — which, along with the observatory at Istanbul, 
must be regarded as the link of transmission of this institution 
to the Western world. Himself a competent astronomer, 
Ulugh Beg assembled the best mathematicians of his day 
in the new observatory, which was equipped with the finest 
instruments possible, including a meridian arc about 50 
meters high. The greatest scientists at Samarkand, besides 
Ulugh Beg himself were Qadlzadah, C A1I QushjI, and espe- 
cially Ghiyath al-DIn al-Kashanl whose mastery of the theory 
of numbers and techniques of computation was unmatched 
until fairly recent times. 

Al-Kashanl, who was brought specifically to Samarkand 
by Ulugh Beg’s request, described the scientific activities of 
the observatory in a candid letter to his father, in which he 
also mentioned the difficulties he encountered in establishing 
himself there, difficulties which were soon overcome by his 
unrivaled mastery of mathematics. In this intimate document 
he wrote: 

We now come to the subject of the Observatory. His Majesty, 

may God keep his realm and preserve his sovereignty, had 
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seen the constructions at the Marfigha observatory in his child- 
hood, but he had said that he had not seen them with a discern- 
ing eye. Before the arrival of this servant they had told His 
Majesty that the observatory was the place underneath the top 
(of the observatory hill) where people live (sit). 

Two brass rings of six gaz diameter had been cast, for the 
measurement of the obliquity and solar observations, in ac- 
cordance with Ptolemy’s directions, unaware of the fact that, as 
that instrument was not free from defects, astronomers had 
brought about many refinements after Ptolemy’s time and that 
they had deviated from the ring constructed by him. 

No one knew either what the geometrical pulpit standing in 
the middle of the building (or, constructions) of the Maragha 
Observatory was and for what purpose it was constructed. This 
servant brought the matter to His Majesty’s knowledge and 
explained the divergences which may arise from their above- 
mentioned instrument. I also pointed out that in 'Adud al 
Dawla’s time a ring was constructed the diameter of which was 
ten gaz and that the present one was smaller than that ring, 
adding that at the Marigha Observatory they had constructed 
a geometrical pulpit instead, which is called suds-i FakhrJ, and 
that this had a diameter of six gaz. 

His Majesty ordered the ring to be broken, and they made it 
into another instrument which this obedient servant had de- 
scribed. The construction of the building of the observatory 
too was ordered to be carried out in accordance with the ex- 
planations given by this servant. All these circumstances and 
other similar matters were made known to the notables of the 
country. 

In like manner, every day and every week something new 
comes up, and through the felicity of your Lordship’s magna- 
nimity, this servant extracts it from the sphere of difSculty, 
with the mallet of preparedness, with the greatest ease. 

One day His Majesty, may God preserve his realm and sov- 
ereignty, was busy studying, and Qadlzada-i RumI was among 
those present A proof had been referred to [al-BIrunPs] 
QSniin-i Mas’udi, and the Qanun had been made ready. As the 
required proof could not be ascertained at the meeting, how- 
ever, Qadizada had taken the Qanun to his lodge in order to 
study it. After two days he brought it back and said that in the 
passage in question there was a lacuna. He believed this to be 
the reason why the problem could not be clarified and said 
that another copy of the book should be found for comparison. 
This servant had not left his house during the previous two 
days because of feverish lassitude and had at this juncture 
joined the meeting. Qadizada was still there. His Majesty 
chanced to look at this servant, and he said “Let our MawlS 
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solve this problem,” passing the Qanun-i Mas^udi on to me. 
As soon as this servant read through five or six lines from that 
problem, he explained the whole matter, and the particular 
copy contained no lacunas. 

Such things have happened many times since my arrival 
here. It will take too long to relate them all. Suffice it to say 
that in such a gathering and in the presence of so many authori- 
ties, one’s knowledge is appraised neither through reliance 
upon other people’s opinions nor merely on the basis of 
the claims made by that person himself. 

Shortly after the arrival of this servant here and in a meet- 
ing in which His Majesty took part, this servant was speaking 
about a few problems on which there was agreement between 
the Tuhfa [Present], the Nihaya al Idrak [On the Highest Un- 
derstanding ], Mawlana Nizam al Din-i NIsh&burFs Commen- 
tary of the Tadhkira, as well as the commentary of the 
Tadhkira [Treasury] by Sayyid Sharif, may God bless his soul, 
but which were nevertheless wrong. My contention reached 
the ears of all the learned people by word of mouth. They 
were excited and busy speaking behind my back. “When a 
person objects to a thing on which so many authorities are in 
agreement,” they declared, “he should prove his statement." 

One day, at a gathering where the majority was present, 
I spoke on one of these controversial topics which I have thor- 
oughly investigated, and I explained it both in a descriptive 
way and by geometrical proof in such a manner that it was 
accepted unanimously. As His Majesty is a scientist himself 
and well- versed in the subject, and as scientists are present here 
in large numbers, when a question becomes settled, no one who 
has previously spoken in another vein can demur, pretending 
to find faults, so as to make those who are not familiar with the 
topic believe in him. For the most distinguished scientists are 
present here. 

One of the problems in question is this. It has been said that 
the maximum equation for the moon’s anomaly on its epicycle 
takes place at a point of the eccentric region such that when 
this point is joined to the prosneusis center, the line joining 
these two points will be perpendicular to the diameter passing 
through the apogee. This is the assertion made in all the books 
written on the subject up to our day, but it is wrong. For if the 
line in question passes through a point seven degrees and fifty 
seconds underneath the prosneusis center it is perpendicular 
and otherwise not. The same sort of mistake has been made in 
the case of the planets also, and the source of the error of them 
all is that in the case of the sun the point of maximum equa- 
tion occurs at a place such that when a line is drawn from it 
to the center of the universe the line is perpendicular to the 
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said diameter. Ptolemy has given the proof for this in the 
Almagest and has referred to this proof in the cases of the 
moon and other planets. People have never realized that the 
cases of these latter cannot be referred to that of the sun. . . .« 

As to the inquiry of those who ask why observations are not 
completed in one year but require ten or fifteen years, the situa- 
tion is such that there are certain conditions suited to the de- 
termination of matters pertaining to the planets, and it is 
necessary to observe them when these conditions obtain. It 
is necessary, e.g., to have two eclipses in both of which the 
eclipsed parts are equal and to the same side, and both these 
eclipses have to take place near the same node. Likewise, 
another pair of eclipses conforming to other specifications is 
needed, and still other cases of a similar nature are required. 

It is necessary to observe Mercury at a time when it is at its 
maximum morning elongation and once at its evening elonga- 
tion, with the addition of certain other conditions, and a simi- 
lar situation exists for the other planets. 

Now, all these circumstances do not obtain within a single 
year, so that observations cannot be made in one year. It is 
necessary to wait until the required circumstances obtain and 
then if there is cloud at the awaited time, the opportunity will 
be lost and gone for another year or two until the like of it 
occurs once more. In this manner, there is need for ten or 
fifteen years. 

Those people who do not know the nature of this activity 
and who have not witnessed others do it, are surprised when 
they see anyone occupy himself with it. But when someone 
knows how to do a thing, it becomes easy. It is to be hoped 
that God, he is exalted and high, will grant long life and give 
his help, so that with the felicity of the King of Islam, may 
God preserve his realm and sovereignty, this activity of obser- 
vation will reach the stage of completion in a happy and suc- 
cessful manner. 

At the present the greater part of the observatory building 
has been constructed. Nearly five hundred tumans worth of 
brick and lime have been used; one armillary sphere has been 
completed and another one is in the process of construction. 
Still other instruments, such as azimuthal quadrant and the 
instrument with movable sights and others, are being attended 
to and have been half constructed. 

® A. Sayili, UIu§ Bey ve Semerkanddekl tlim Faaliyeti Hakkinda Giyasud - 
din-i Kafvnin Mektubu (Ghiyath al-Din al-Kashl’s Letter on Ulugh Bey 
and the Scientific Activity in Samarqand) (Ankara: Turk Tarih Kurumu 
Basimevi, 1960), pp. 98-100. This work includes the original letter in 
Persian with the Turkish and English translations and commentary by 
Sayili. 
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As to your query concerning whether the task to be accom- 
plished at the observatory is entrusted to this servant or whether 
he has a partner for the work, it is a strange coincidence that 
your Lordship should ask this question after my achieving such 
fame here- The situation is that although people who are con- 
versant with the mathematical sciences exist in large numbers 
here, none of them is such that he is acquainted with both the 
theoretical (“scientific”) and applied (“practical”) sides of 
observations (of the work done in an observatory). For none 
of them knows the Almagest. 

One of them is Qatjizada who possesses the theoretical 
knowledge contained in the Almagest but not its applied side. 
He has not done anything that pertains to the practical. He is 
the most learned among them, but even he is only a beginner 
in theoretical astronomy. For every topic which is put for- 
ward by His Majesty, this servant finds the correct approach 
and supplies the well-rounded and complete answer, as was 
previously mentioned on the occasion of the problem connected 
with the Qanun-i Mas'udi and the like; and I am skilled in all 
aspects of the applied branch of this science. 

Applied astronomy too is divided into scientific and practical 
branches. The practical branch of applied astronomy may be 
illustrated with the following example. Suppose, e.g., that two 
stars have reached the first vertical at a certain condition. Ele- 
vation is measured with an instrument, and the longitude and 
latitude of one of these stars is known. It is required to derive 
the longitude and latitude of the other from these data. The 
knowledge of how to derive these, i.e., to know to multiply 
which quantity with which and to divide by what, and how to 
proceed in order to obtain the desired result, constitutes the 
scientific side of this operation (the scientific side of applied 
astronomy). The scientific side of theoretical astronomy (“the 
absolutely scientific”) is the knowledge of the science itself. 

The absolutely practical side of such a problem is the carry- 
ing out of the multiplications and divisions and the calculation 
of the longitudes of celestial bodies in terms of signs, degrees, 
and minutes, and the determination of their latitudes, giving 
their actual numerical values. 

Qadlzada is weak in the scientific side of applied astronomy, 
and he cannot point out what pertains to the absolutely practical 
(the practical side of applied astronomy) except by perform- 
ing multiplications and divisions with the help of the lattices 
of multiplication and division. And this is such that when he 
wishes to set up a lattice, he cannot do it without consulting 
a book. They read line by line and complete the operation step 
by step with the help of instructions. If something unusual is 
being sought this is not of much u$e(?). 
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I am not boasting. Your Lordship himself knows that with 
God’s assistance I have confidence in myself to accomplish the 
purely theoretical, the applied side of the theoretical, and the 
scientific side of the practical as well as the purely practical, 
without consulting a book, so that if I were without any books 
at the observatory I could do everything necessary from the 
beginning of the period of work to the end and produce the 
astronomical tables. The only exception would occur in dealing 
with the results obtained concerning mean positions in previous 
observations performed on a given date, which is a matter per- 
taining to the factual realm, as well as the date of the given 
day. In observational work there is need for such data. For 
the difference between the mean positions resulting from the 
present observations and those of the earlier date is found and 
is divided by the time between the two observations so as to 
obtain the quantity of motion. All these calculations can be 
done on two sheets of paper. 

Let your Lordship keep his blessed mind at ease. For re- 
course to books for such an investigation is not indicative of a 
serious shortcoming and is not the same as the kind of recourse 
to books practiced at the present by others. 

What I have related concerning QftdTzada should not make 
people think that there is ill-will and lack of understanding be- 
tween the two of us. There is a strong feeling of friendship and 
attachment between Qadlzada and myself, and he acknowl- 
edges my superiority. He is not of such a disposition as to deny 
what is true or to be unfair. He himself asserts in the presence 
of others what this obedient servant has just said concer ning 
him. He speaks and says so when he knows a thing, and he 
readily confesses it when he does not know. 

The developments to date in the activity pertaining to the 
observatory have been in accordance with what this servant 
proposed to His Majesty, may God preserve his realm and 
sovereignty. This was what happened, e.g., in the case of the 
nature of the observatory building and the nature of each 
instrument. His Majesty reflected upon the recommendations 
with lucid mind and prompt understanding. Whatever he 
approved he ordered to be carried out, and as to other cases, 
he enriched them with new ideas and inferences and ordered 
the adoption of the modified versions. 

The truth is that his inferences are very apt and do not 
contain the slightest error. If in certain cases there happens to 
be anything concerning which we, his servants, have some 
doubt, the point is discussed; and no matter from what side 
the clarification of the mistake comes. His Majesty will at 
once accept it without the least hesitation. For it is his aim 
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to see that everything is thoroughly investigated and to have 
the work at the observatory accomplished in the best possible 
manner. 

Your Lordship may infer herefrom the degree of liberality 
and benevolence of that personage. And there is no need to 
expand upon this matter. He is, indeed, good-natured to the 
utmost degree of kindness and charity, so that, at times, there 
goes on, at the madrasa, between His Majesty and the students 
of the seekers of knowledge so much arguing back and forth 
on problems pertaining to any of the sciences that it would 
be difficult to describe it. He has ordered, in fact, that this 
should be the procedure, and he has allowed that in scientific 
questions there should be no agreeing until the matter is 
thoroughly understood and that people should not pretend 
to understand in order to be pleasing. Occasionally, when 
someone assented to His Majesty’s view out of submission 
to his authority, His Majesty reprimanded him by saying “you 
are imputing ignorance to me.” He also poses a false question, 
so that if anyone accepts it out of politeness he will reintroduce 
the matter and put the man to shame. 

When the said instrument (armillary sphere?) was completed 
it was brought to the side of the observatory. Every once in 
a while, when there is something to be done at the site of the 
observatory, such as the determination of the meridian line, 
Qadlzada too comes there. If there is any problem, he too 
speaks in an approving or disapproving manner, as mentioned 
earlier apropos of the leveling of the observatory grounds 
wherein they disapproved, and I explained the matter to him. 

The rest of the professors too present themselves to the 
observatory grounds and try to be obliging. The time for the 
difficult parts of the work has not come yet. For at the present 
the building is being constructed. When it is brought to com- 
pletion and the instruments are completed and set up in their 
places, then observation, which consists of watching the stellar 
bodies through sights, will be made and measurements will be 
ascertained, and after that the eccentricities, the radii of 
epicycles, the degrees of inclination of the apse lines, the mean 
motions, and the distances of centers of constant speed to 
centers of eccentricity, etc., will have to be determined from 
these observations. It is then that work really starts. 

It is not appropriate to be too lengthy. May your exalted 
shadow be unceasing and perpetual. 

The least of your slaves, 
Ghiyath 7 



1 Ibid., pp. 106 - 110 . 
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After Samarkand, the only other notable observatories in 
Islam were those of Istanbul in the tenth/sixteenth century, 
and the series of observatories constructed by the Hindu 
prince Jai Singh in Delhi, Jaipur, Ujjain and other Indian 
cities, in which the traditions of Indian and Islamic astron- 
omy were combined. The Istanbul observatory was con- 
structed in the tenth/ sixteenth century by the Ottoman 
sultan Murad III for his court astronomer TaqI al-DIn. It 
was contemporaneous with the observatories of Tycho Brahe 
and may very well have exercised some influence on them, 
since there is a similarity between many of their instruments. 
But the observatory at Istanbul had a short life and, as can 
be seen from the following poem written at that time by the 
poet c Ala> al-DIn al-Mansur, its destruction was ordered by 
the sultan because of political intrigue; 



At this time, all of a sudden, the Potentate, who is the defender 
of the Religion, 

Spoke thus to his astronomer TaqI al Din; 

“People of learning have made inquiries concerning this: 

Oh you learned man of conscientiousness and perfection, 
Inform me once more on the progress and the results of the 
observations. 

Have you untangled knots from the firmament in a hair-splitting 
manner?” 

TaqI al Din answered, “In the Zlj of Ulugh Bey 
There were many doubtful points, oh exalted king; 

Now through observations the tables have been corrected, 
And out of grief the heart of the foe has withered and twisted 
into coils. 

From now on, order the abolishment of the Observatory, 

To the consternation of the ill-wishers and the jealous.” 

The King of Kings summoned the Head of the Halberdiers of 
his body guard 

And gave him instructions concerning the demolition and the 
abolishment of the Observatory. 

Orders were given that the Admiral 
Should immediately rush to the Marine Ordnance Division 
And that they should at once wreck the Observatory 
And pull it down from its apogee to the perigee . 8 



8 This poem by c Ala> al-DIn al-Man$ur is quoted by A. Sayili in his The 
Observatory in Islam (Ankara: Tiirk TarTh Kurumu Basimevi, 1960), pp. 
292-293, from his own English translation of the same poem in Tiirk 
Taflh Kurumu Belleten, Vol. XX, No. 79 (1956), pp. 481^182. 
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E. The Hospitals 



The hospital was also of importance as an institution of 
learning, inasmuch as most of the teaching of clinical medi- 
cine was done in hospitals. While the theoretical aspect of 
medicine continued to be dealt with in both mosque and 
madrasah , the practical side was usually taught in the 
hospitals, many of which had libraries and schools especially 
designed for that purpose. The earliest hospital in Islam was 
that built in 88/707 by the Umayyad caliph Walld ibn 
c Abd al-Malik in Damascus. Very likely he was influenced 
by the model hospitals of the pre-Islamic period, such as 
that of Jundishapur, which was quite elaborate, even for that 
time. 

The Abbasid caliphs organized medical education so that 
students, after undergoing both theoretical and practical 
training, wrote a treatise — like the modem thesis — and upon 
its acceptance received a permit or diploma from their 
professor, giving them permission to practice medicine. They 
also had to take the Hippocratic oath. 

Many great hospitals were built either by rulers or by 
private individuals throughout the Islamic world, such as 
the MansurT hospital in Cairo, which is still standing, or the 
Nurf hospital of Damascus of the sixth/ twelfth century, one 
of the largest hospitals ever to be built in the Islamic world. 
Hospitals were either constructed for a particular physician, 
or later put under the direction of a particularly eminent 
doctor. For example, Rhazes was placed in charge of a 
hospital, in which he worked and also taught his students. 
The hospital thus served as an institution of learning as well, 
and became an auxiliary of the mosque schools in which the 
theoretical principles of natural philosophy and its branches, 
including medicine, were taught. 
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F. The Sufi Centers 



Finally, among the institutions of learning 1 , we must 
consider the Sufi centers, which in singular form are called 
either zawiyah or khanaqah. In the earlier centuries of Islam, 
these centers served, as was to be expected, as the meeting 
place of the Sufis, where they performed their various spiritual 
exercises (especially the invocation) and where those who 
were ready were able to receive initiation into the Divine 
Mysteries. Here, those who had not been satisfied with 
formal learning alone, but had searched after the light of 
certainty and sought a direct vision of the truth, left the talk 
and discussion (qll and qal) of the schools to discover the 
ecstasies of contemplation (hal), under the direction of a 
spiritual master. That is why the gnostics and the “rational- 
ists” (or the possessors of the esoteric and the exoteric 
sciences) are often called the people of hal and qal, respec- 
tively. In this manner, the Sufi centers served as a center of 
learning, but a learning which was not to be found in books, and 
for the discovery of which it was not sufficient to train the 
mental faculties alone. They served as centers in which the 
qualified could realize the highest form of knowledge (gnosis), 
the attainment of which requires purification of the soul as 
well as of the mind. 

After the Mongol invasion, however, the Sufi centers 
became in an ever more outward manner, institutions of 
learning. In the Eastern lands of Islam, with the destruction 
of the external institutions of society which resulted from 
that invasion, there was no organization capable of beginning 
the process of rebuilding, except that “society within society” 
which the Sufi orders may be said to be. Just as, for some 
time, the task of preserving law and order and helping 
justice to prevail over brute force fell to the Sufi orders, so 
also the Sufi centers became institutions of learning, in 
which in addition to the esoteric sciences and gnosis, the 
branches of the arts and sciences that had previously been 
taught in the mosque schools now found a refuge. The 
kh&naqah must thus be considered as one of the essential 
institutions of learning in Islam, not only because from the 
beginning it was the place in which instruction in the highest 
form of science or gnosis was given, but also because during 
the later period of Islamic history, it began to fulfill also 
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the function of the mosque schools in many parts of the 
Islamic world. The Sufi center thus played its role — along 
*rith the mosque school, the observatory and the hospital — 
as one of the major institutions responsible for the cultiva- 
tion and propagation of the sciences in Islam. 



CHAPTER THREE 



COSMOLOGY , COSMOGRAPHY, 
GEOGRAPHY, AMD 
NATURAL HISTORY 



A. Cosmology and. Cosmography 



The study of the cosmos and its parts takes in a vast 
panorama which is covered by many scientific disciplines. 
In classical Islamic civilization, it was of interest to the 
natural scientist, the geographer, and the historian as well 
as to the theologian, the philosopher and the gnostic. All 
such studies, dealing with various parts of the cosmos — what 
must be considered technically as the cosmological sciences — 
took place within the framework of Islamic cosmology, whose 
basic tenets are derived from the Quran. One can hardly 
avoid the conclusion that not only did the law of Muslim 
society become that which had been promulgated in the 
Islamic, revelation, but also that the cosmic environment in 
which Islamic civilization flourished became to a large extent 
Islamized. 

There were many forms of cosmology developed in Islam 
by various schools; we shall refer to some of these in succeed- 
ing chapters. In all these cosmologies, a certain number of 
forms and symbols from the world of Nature are chosen 
to depict the cosmos — not in any ad hoc manner, however, 
but in the particular way that is in conformance with the 
Islamic world view. Traditional cosmology, whether Islamic 
or belonging to other traditions, is thus like sacred art which, 
out of many possible forms, chooses a certain number, in 
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order to paint an icon with a definite and particular meaning, 
designed more for contemplation than for analysis. 

The basic principles of all the cosmologies developed in 
Islam are the same; they can be found in the background 
of most cosmologies and cosmographies — whether these be 
by the natural historians and cosmographers or the philoso- 
phers or, for that matter, by the Sufis who, in their writings, 
have given the clearest exposition of them. These principles 
concern themselves essentially with the unity and gradation 
of being — with the assertion that, metaphysically, reality is 
ultimately one and not many, and yet cosmologically the 
sensible world is only one of many states of being, all of 
which are, to use the Sufi expression, so many “Divine 
Presences.” Following the terminology derived from the 
Quran, Muslim authors usually speak of five states of being 
or “presences,” which are: the world of Divine Essence or 
“Ipseity” (hahut); the world of the Divine Names and 
Qualities, or Universal Intellect, also identified with Pure 
Being ( lahut); the intelligible world, or the world of angelic 
substances (jabarut); the world of psychic and “subtle” 
manifestation (malakut); finally, the terrestrial or physical 
domain, dominated by man (nasut). Sometimes a sixth state 
of being is added — that of the Universal Man ( al-insan al- 
kamil), in which these states are contained. 

Each state of being is the principle of that which stands 
below it. Moreover, according to the Quranic statement that 
God is the First and the Last, the Hidden and the Mani- 
fested, these states of being have been conceptualized in 
two different but complementary ways. To the two Divine 
Attributes — the First and Last — corresponds the reliance in 
time of the world upon its Divine Origin. “God is the First” 
implies that the cosmos begins from Him; “He is the Last” 
implies that it returns unto Him. 

The two different interpretations which arise from the 
consideration of God as the Hidden and the Manifested 
pertain to “space” — to “qualified” and “sacred” space — just 
as the first two were concerned with time. Taken as Mani- 
fested, God becomes the reality that englobes all, that 
covers” and “encompasses” the cosmos. In this view, physi- 
cal manifestation may be regarded as the innermost circle 
°f a set of five concentric circles, followed by the other 
"fates of being respectively, with the outermost circle 
symbolizing the Divine Essence — a view which resembles 
fbe cosmological schemes of Avicenna, Dante, and others, 
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for whom the journey through the cosmos, from the earth 
to the primum mobile, symbolized the gradual and successive 
realization of the various states of being, finally resulting in 
the state of contemplation of the Divine Itself. 

As for the other view of God as the Hidden, the cos- 
mological scheme becomes there reversed, in the sense that, 
if we consider once again a set of concentric circles, it is 
the physical or gross manifestation that is the outermost 
circle, and the Divine Essence that is the innermost one. 
This latter scheme, moreover, is more in conformity with 
the microcosmic point of view than is the former. It can be 
regarded as a symbol of the microcosm, of man, in whom 
the physical is the most outwardly manifested aspect and 
his spiritual nature the most hidden. The former scheme 
also conforms more closely to the macrocosmic view, in 
which the physical world, for all its vastness, is but a small 
portion of the cosmos in its totality, and is enveloped and 
contained by it. The two schemes, the microcosmic and 
the macrocosmic, are thus analogous; they correspond to 
each other, at the same time that one is the reverse of the other. 
They thus present a further instance of the principle of 
reverse analogy, so essential to the interpretation of symbols. 

These general cosmological principles are present in all 
phases of the Islamic sciences. One can hardly overestimate 
their importance in determining the framework within 
which Muslim scientists studied the world of Nature. They 
are to the Islamic sciences what the rationalistic philosophy of 
the seventeenth century, whether consciously understood so 
or not, is to modem science. For example, the fundamental 
difference between the interpretations of Muslim natural 
historians and of modem biologists with regard to fossils and 
older forms of life arises from the fact that, for the former, 
the world of physical nature is dominated by a higher level 
of reality, which transcends it, while for the nineteenth- 
century natural historians and their modem followers such 
a conception does not exist. As a result, the same “data” 
and “observations” have been interpreted in different lights, 
and the “spatial” and “vertical” gradation of the medieval 
scientists converted into a purely temporal and “horizontal” 
evolution which now, in such theories as those of Teilhard 
de Chardin, even seeks to make the higher states of being 
a kind of sublimation of the physical domain which has 
resulted from the very process of “horizontal” evolution. 
However, the idea of evolution, as usually interpreted, is 
metaphysically and theologically unacceptable and Teilhard 
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de Chardin did no more than try the impossible, namely 
to correlate the theological teachings of the Church with 
the concept of evolution understood in its purely “horizontal” 
sense. The rise of this conception of evolution — truly a 
parody of the medieval conception of gradation and of the 
hierarchy of the states of being — shows clearly how significant 
the cosmological background is to the cultivation of the 
sciences of Nature, which cannot escape having a world-view, 
or a general view about the cosmos, derived from sources 
other than the natural sciences themselves. 

Islamic cosmology depends upon the particular spirit and 
form of the Islamic revelation, not only in its general princi- 
ples, but also in its formulations and terminology. There is 
the germ of a complete cosmology and cosmography in the 
Quran; on this, the later Sufis, philosophers and scientists 
elaborated. The Quran speaks of the seven earths and seven 
heavens, of the Divine Pedestal (kursi) and Throne (< arsh ), 
of the cosmic mountain Qaf, and of the cosmic tree all of 
which became important elements of Islamic cosmology. The 
most important verses of the Quran on this subject, com- 
mentaries on which have developed into some of the basic 
Islamic cosmological treatises, are the Throne verse and 
the Light verse. The first of these asserts majestically the 
dependence of all things upon God; the second outlines, in 
a set of important symbols, both a cosmology and a spiritual 
psychology. The Throne verse is as follows: 



Allah! There is no God save Him, the Alive, the Eternal. 
Neither slumber nor sleep overtaketh Him. Unto Him belongeth 
whatsoever is in the heavens and whatsoever is in the earth. 
Who is he that intercedeth with Him save by His leave? He 
knoweth that which is in front of them and that which is behind 
them, while they encompass nothing of His knowledge save 
what He will. His throne includeth the heavens and the earth, 
and He is never weary of preserving them. He is the Sublime, 
the Tremendous. [2:255.] 



As for the Light verse, it practically created an obligation 
for the learned men to write a commentary upon it. There 
***» therefore, dozens of commentaries on this verse, by 
*uch famous philosophers and scientists as al-Farabl, Avicen- 
na > al-Ghazzall and Mulla Sadra, each of which drew a 
certain meaning from the many levels of interpretation to 
^hich the sacred text lends itself. 
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The text of the verse is as follows: 

Allah Is the Light of the heavens and the earth. His Light 
is as a niche, wherein is a lamp. The lamp is in a glass. The 
glass is, as it were, a shining star. (This lamp is) kindled from 
a blessed tree, an olive neither of the East nor of the West, 
whose oil would almost glow forth (of itself) though no fire 
touched it. Light upon light, Allah guideth into His light whom 
He will. And Allah speaketh to mankind in allegories, for 
Allah is Knower of all things. [24:35.] 

Avicenna, in his commentary upon this verse interprets 
it in a microcosmic sense. This commentary is contained 
in the third chapter of his last philosophical masterpiece, 
The Book of Directives and Remarks: 

Among the faculties of the soul, there are those that the 
soul possesses inasmuch as it is in need of growth and perfection, 
so that it can reach the state of intellect in act. The first faculty 
is that which prepares the soul for receiving the intelligibles, 
some call it the intellect us materialis; it is the niche . Above this 
is another faculty which the soul possesses when it has received 
the first intelligibles, and is prepared to receive the second. 
The second intelligibles can be acquired either by reflection, or 
by intention (which is stronger). The first is symbolized by the 
olive tree, the second by the olive oil itself. In both instances, the 
soul at this stage is called intellectus in habitu, and is like 
the glass. As for the noble soul that possesses the saintly faculty, 
the phrase whose oil would almost glow forth holds true for it. 

It is after this stage that the soul possesses a faculty and a 
perfection; and this perfection is that it “sees” the intelligibles 
themselves in act, in an intuition which represents them in the 
mind so that they are manifested to it. The impinging of the 
intelligibles upon the mind is like light upon light . After this 
is a faculty which can bring forth and contemplate intelligibles 
which had been previously acquired by the soul, without its 
having to acquire them anew. This faculty, which is as though 
illuminated by itself, is like the lamp. That perfection is called 
intellectus in habitu and the faculty intellectus in actu. And 
that which causes the soul to pass through these stages from 
the intellectus in habitu to the intellectus in actu, and from the 
intellectus materialis to the intellectus in habitu , is the active 
intellect, which is like the fire. 1 

I Avicenna, AUlsharat wmUtanblhdt ( The Book of Directives and Re- 
marks) (Cairo: Dar al-ma c arif, 1959), pp. 364-367. Translated by 
S. H. Nasr. 



Cosmology , Geography , Natural History 97 

Islamic cosmology and cosmography are also based upon 
the angelology derived from Quranic sources. The description 
of the cosmos always takes into account not only the cor- 
poreal and terrestrial domains, but also all formal manifesta- 
tions, and thus includes the angelic world as well. In fact, 
the Quranic angelology was developed into an elaborate 
system by Muslim authors, although certain philosophers and 
sages, such as SuhrawardI also made use of the symbolism of 
Mazdaean angelology. The popular treatises on cosmography, 
which treat of the structure of the heavens, as well as of 
geography and natural history — for example, The Wonders 
of Creation of Abu Yahya al-QazwIni (the so-called Pliny 
of the Arabs) — are based essentially upon a study of the 
angels who act as the moving and guiding forces of the 
world of Nature, and also as the model after which man 
should seek to strive. 

The writing of large treatises on cosmography, which 
sought to describe the entire universe, with special emphasis 
upon natural history, and with the aim of displaying God’s 
wisdom in creation, came into vogue during the later period 
of Islamic history, especially from the sixth/ twelfth century 
onward. Many of these works were called The Wonders of 
Creation , among them being that of the sixth/ twelfth century 
Muhammad al-TusI, and the more famous work of the 
above-mentioned Abu Yahya al-Qazwinl, which appeared a 
century later and is also known as The Cosmography . Like- 
wise during the eighth/ fourteenth century, there are several 
well-known cosmographies, such as Selections of the Age 
on the Wonders of Land and Sea by Shams al-DIn al- 
Dimashql (which became well known in the Western world 
during the nineteenth century through a French translation 
by the Danish orientalist, A. F. von Mehren), and The 
Delights of the Hearty by the Persian historian and naturalist 
Hamdallah al-Mustaufl al-Qazwinl, which contains a detailed 
study of geography, mineralogy, botany, zoology, and anthro- 
pology. These works, which are in reality scientific encyclo- 
pedias — along with such universal histories as those of 
al-Tabari and al-Mas c udT — serve as valuable sources for an 
Understanding of the general Muslim vision of the world, 
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B. Geography 



Geography is one of the sciences most cultivated by the 
Muslims. In it, they left behind a very large number of 
writings, mainly in Arabic, but also in Persian and Turkish. 
The possibility of traveling from the Atlantic to the Pacific 
without having to cross any real frontiers — as well as the 
annual pilgrimage to Mecca in which an opportunity was 
provided both for a long journey and for the exchange of 
ideas with scholars from nearly every part of the known 
world of that time — both these helped to enrich Islamic 
geography beyond what was known to the Greeks and 
Romans, or to the medieval Latin authors. Al-BTrunl, after 
discussing the difficulty of gaining geographic knowledge in 
ancient times, writes in The Book of the Demarkation of 
the Limits of Areas: 

But now (the circumstances are quite different). Islam has 
already penetrated from the eastern countries of the earth 
to the western; it spreads westward to Spain (Andalus), 
eastward to the borderland of China and to the middle of 
India, southward to Abyssinia and the countries of Zanj (i.e., 
South Africa, the Malay Archipelago and Java), northward 
to the countries of the Turks and Slavs. Thus the different 
peoples are brought together in mutual understanding, which 
only God’s own Art can bring to pass. And of those (who 
could be obstructive to cultural relations) only common vaga- 
bonds and highway robbers are left. The remaining obstinate 
unbelievers have become timid and tame; they now respect 
the followers of Islam and seek peace with them. 

To obtain information concerning places of the earth has 
now become incomparably easier and safer (than it was before) . 
Now we find a crowd of places, which in the (Ptolemaic) 
“Geography” are indicated as lying to the east of other places, 
actually situated to the west of the others named, and vice 
versa. The reasons (of such errors) are either confusion of 
the data as to the distance on which the longitude and latitude 
were estimated, or that the populations have changed their 
former places. 2 



2 From al-BIruni’s The Book of the Demarkation of the Limits of Areas, 
in N. Ahmad, Muslim Contributions to Geography (Lahore: M. Ashraf, 
1947), p. 35. 
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Geographical studies among the Muslims included not 
only the lands of Andalusia, North Africa, South Europe, 
and the Asiatic land mass, but also the Indian Ocean and 
all the adjacent seas. The Muslims were able to sail over 
the high seas, improving the means of navigation and the 
art of cartography, which was closely connected with it. 
Astrolabes were also perfected for sailing. 

Geography in Islam was also closely tied to astronomy; 
observatories carried out geographic measurements, such 
as the determination of latitudes and longitudes, and the 
degree of arc, for which several different methods were 
employed. In fact, al-BIrum has often been regarded as the 
founder of the science of geodesy, because of the detailed 
and systematized studies he made of the measurements of 
the features of the earth’s surface. Geographical problems 
also included the question of the possible motion of the 
earth, which was treated by such authors as al-BIrunI in 
several of his works, as well as by Qutb al-DIn al-Shlraz! in 
his On the Highest Understanding of the Knowledge of 
the Spheres. 

In Islamic geographical texts, descriptive and symbolic 
geography are often combined, so that there is no sharp 
distinction between scientific geography, as it is understood 
in the modern sense, and the sacred geography in which 
directions, mountains, rivers, islands, etc., become symbols 
of the celestial world. The Muslim conception of the earth 
has been always dominated by the central cosmic mountain, 
Qdf, and the seven climates, which are the terrestrial image 
of the celestial order, and have their correspondence with 
the heavens. This is expressed through an astrological sym- 
bolism in which each climate is connected to a planet and 
a zodiacal sign. The climates, which are the counterparts of 
the seven heavens, were known to the Babylonians and the 
Greeks, as well as to the ancient Iranians, who had a con- 
centric rather than longitudinal conception of it. The Quran 
speaks of the seven earths, which the M lim geographers 
mterpreted as the seven traditional climates, and within 
Whose matrix they made their detailed study of various 
regions. 

The geographers in Islam made much use of the Geography 
°\ Ptolemy, which became the foundation stone of this 
^ence among the Muslims. The first noted Muslim figure 
? this field was Hisham al-Kalbi, who flourished early in 
the third/ ninth century, and who is particularly known for 
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his study of Arabia. He was followed, during this period, 
which marks the real beginning of scientific activity among 
the Muslims, by several well-known geographers, of whom 
the earliest is Muhammad ibn Musa al-Khwarazml, the famed 
mathematician and astronomer, whom we shall discuss in 
greater detail in future chapters. In geography, al-Khwarazml 
helped lay the foundation of this science among the Muslims 
with his Shape of the Earth, which was an improvement 
upon Ptolemy’s work, in its texts as well as in the maps which 
it provided. 

Also writing in the third/ ninth century were al-Kindi, 
the celebrated philosopher and author of the Description 
of the Inhabited Parts of the Earth, and al-Ya'qubl, whose 
Book of Countries is particularly noted for its topographical 
studies. During that century, as the result of the establishment 
of a regular postal system and of the need for studying the 
routes of various provinces closely, there appeared a series 
of works entitled Routes and Kingdoms by such figures as 
al-Kindi’s students, Ahmad al-SarakhsI and Ibn Khurdadhbih. 
These were followed, during the next century, by the works 
of Abu Zaid al-Balkhl, al-Istakhrl and Ibn Hauqal, all of 
which bear the same title. The series of geographical works 
bearing this name are among the most important contribu- 
tions to Islamic geography. 

The third/ ninth and fourth/ tenth century also mark the 
rise of navigation in the Indian Ocean by Muslim sailors, 
and the discovery of the Far East. The first description of 
China, in fact, dates from this period, when Sulaiman the 
Merchant wrote of his sea voyages to that country. It was 
these and similar travels that finally produced the legend 
of Sindbad the Sailor in the Thousand and One Nights, as 
well as all the other similar but less well-known stories of 
the adventurers of the high seas. These voyages also con- 
tributed to the geographical knowledge of those regions, 
which became incorporated into later compendia. 

In the fourth/ tenth century, in addition to the several 
books of Routes and Kingdoms already noted, there appeared 
such important geographical writings as the large encyclo- 
pedia of Ibn Rustah, the accounts of the travels of Ibn 
Fadlan, one of the first of the traveling geographers in 
Islam who journeyed through the Volga and Caspian regions, 
and the Figures of the Climes of the above-mentioned 
Abu Zaid al-Balkhl, who was one of the early mapmakers. 
Also belonging in this period is the Best Division for the 
Knowledge of the Climes of al-MaqdisI who, starting from 
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Jerusalem, visited nearly every part of the Islamic world, and 
the anonymous Boundaries of the World, the first notable 
geographical treatise in Persian. 

The most important geographer, historian, and naturalist 
of this period was Abu’l-Hasan al-Mas'udl, who must be 
regarded as among the greatest of Muslim historians and 
scientists, although many of his works — such as his thirty- 
volume universal history — have been lost. But his Meadows 
of Gold and Mines of Gems, which contains a wealth of 
material on geography, geology and natural history (as well 
as the first written description of the windmill), and The 
Book of Indication and Revision, written at the end of his life 
as a summary of his general world view and philosophy, are 
sufficient to warrant his great reputation. 

In the fifth/eleventh century, Nasir-i Khusrau, a leading 
Ismaili philosopher and Persian poet wrote his Diary, 
which contains a good many descriptions of the geography 
of the Middle East. At the same time, al-Bakrl, the oldest 
of the Andalusian geographers, composed his book of 
Routes and Kingdoms, as well as his Geographical Dictionary, 
beginning a tradition in geographical studies that was con- 
tinued during the next century. Al-BIrunI, with whom we 
shall deal more fully in later chapters, composed several 
geographical works, of which The Book of the Demarkation 
of the Limits of Areas is perhaps the most important. He 
devised a new method for measuring latitudes and longitudes, 
and carried out his own measurements to determine, the 
antipodes and the roundness of the earth, as well as the 
elevation and other geographical characteristics of many 
cities. He also made a study of the geography Of India, 
contained in his India. 

The sixth/ twelfth century was marked by a series of sea- 
voyages and route-books, written by several famous sailors, 
such as Sahl ibn Aban. Several local geographies also ap- 
peared, of which one of the best known is al-Zamakhshari’s 
The Book of Fars, dealing with the southern Persian province 
pf Fars, which has given its name to the whole country and 
its language. The most important geographers of this period 
Were from the Western lands of Islam, especially Andalusia. 
Al-Zuhr! of Granada wrote his Geography at this time; his 
compatriot, al-Mazinl, who also flourished during this period, 
traveled widely throughout the Near East, the Balkans and 
Persia and wrote a treatise called The Collection of Singu- 
larities Relative to some of the Marvels of the Maghrib. Ibn 
Jubair, one of the best known of Muslim travelers, who was 
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a contemporary of these figures, also came from Spain, having 
been bom in Valencia, and wrote an account of his journeys 
which contains much of geographic interest. 

The best-known geographer of this century, and perhaps 
the most outstanding figure in this science during the entire 
Middle Ages, was Abu ‘Abdallah al-ldrisl, who was bom 
in Ceuta in 494/1101 and flourished at the Norman court 
at Palermo. Here he composed The Book of Roger, for 
Roger II — a work which contains the most elaborate descrip- 
tion of the world made in medieval times. He later wrote 
an even larger geographical encyclopedia entitled Pleasures 
of Men and Delights of Souls, the integral text of which 
has however been lost. Al-ldrisl was also a natural historian, 
and his botanical studies (which were along Aristotelian 
lines but independent of those by Theophrastus) are of 
interest. Moreover, he constructed a celestial sphere, and a 
model of the known world of that time in the form of a 
disc, which made him one of the outstanding Muslim 
cartographers. 

In the seventh/ thirteenth century numerous geographical 
manuscripts appeared. Of these, Yaqut al-HamawI’s Geo- 
graphical Dictionary is die best. Yaqut, who was of Greek 
extraction, and had been sold as a slave in Baghdad, 
traveled widely over the Islamic world; he composed this 
work, which has always been very highly regarded in the 
Islamic world, from both personal observation and knowledge 
derived from earlier sources. Meanwhile, his contemporary, 
Ibn Sa'Id of Granada, who became a guest of Hulagu in 
the East, wrote The Extent of the Earth in Length and 
Breadth; somewhat later, the Egyptian Abu’l-Fida 1 , besides 
writing a universal history, composed a text on geography 
called Valuation of Countries which became well known in 
the West. 

The most important works of geography during the eighth/ 
fourteenth century are the cosmographical treatises, such as 
that of the above-mentioned Shams al-DIn al-Dimashql, 
which contains much geographical knowledge, along with 
cosmography and natural history. There were also several 
travelers of note who wrote on geography, of whom the 
most famous is Ibn Battutah. 

After the eighth/ fourteenth century, however, there was a 
gradual decline of interest in geography, as in the other 
natural and mathematical sciences. There are, to be sure, 
such works as the cosmographies of Hafiz Abru and c Abd 
al-Razzaq al-Samarqandi in the ninth/fifteenth century, and 
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the Description of Africa by the tenth/sixteenth century John 
Leo the African, who, although originally a Muslim from Fez, 
became a Christian after he was captured by Christian corsairs 
and lived in Italy. Yet there was an unmistakable decline in the 
production of first-rate geographical studies after the eighth/ 
fourteenth century, the only exception to this rule being the 
Indian geographers, many of Persian origin, at the Mogul 
court, who composed valuable works, like the A>ln-i akbari of 
c AllamI, dedicated to the Emperor Akbar, and the Seven 
Climates of Ahmad al-Razi, along with the Turks, who made 
significant geographical studies at this time. Descriptions of 
the World by Muhammad al- c Ashiq and the geographical 
encyclopedia of HajjT Khallfah, which includes the first at- 
tempt to compare European and Islamic geography, contain 
much new material, especially in the field of oceanography 
and the geography of the islands of the Indian Ocean. Under 
the Turks, who had by now become a world power, a series 
of sea voyages took place, which resulted in Ibn Majid’s 
Book of Instructions on Nautical Principles and Regulations , 
Sulaiman al-Mahri’s several works on the Indian Ocean and 
the Malay Archipelago, the Oceanography of the Turkish 
admiral Sldl C A1I and the cartographical studies of PIri 
Ra 5 Is, another admiral, who made use of the last map of 
Columbus. In this field, at least, we see the penetration of 
Renaissance science into the Islamic world at a time when 
the Muslim tradition in geography was still flourishing, 
albeit its activity had decreased after reaching its height 
during the period from the sixth/tenth through the eighth/ 
fourteenth century. 

To gain a first-hand acquaintance with some of the more 
important geographic ideas in Islam, we turn first to Yaqut’s 
unequaled Geographical Dictionary . In the opening section 
of the introduction, Yaqut describes the spirit in which 
Muslim geographers usually approached the study of this 
field: 

PRAISE BE to God who has made the earth like unto an 
expanse and the mountains like unto stakes, and spread there- 
from peaks and gorges, deserts and towns; who has caused 
rivers to gush forth through the land, and streams and seas to 
flow; and who has guided His creatures to take dwellings unto 
themselves and to construct well-made buildings and homes. 
Whereupon they have raised edifices and founded cities, carved 
habitations out of mountains, and contrived wells and cisterns. 
He has made their eagerness to raise that which they have 
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raised and to build that which they have built, a warning to 
the heedless and an example to following generations. He 
said, and He is the most truthful of sayers: 

“Have they not journeyed through the land and beheld the 
end of those before them who were more numerous than 
they and mightier in strength, and who left a greater mark 
upon the earth? Yet all that of which they possessed them- 
selves availed them not.” [Quran, XL, 82.] 

I give praise unto Him for that which He has given and 
bestowed, for inspiring rectitude and guiding to it, for impart- 
ing understanding and making wisdom manifest. May God 
bless Muhammad — the elect among His prophets and apostles, 
the most favored among the pious and those beloved of Him, 
he who was sent with guidance and with the perspicuous 
religion, of whom it is written, “We sent thee not, save as a 
mercy to all creatures,” [Qur>5n, XXI, 107] — and the noble 
and saintly members of his household and the select and 
righteous Companions. May God save and preserve them all. 

This is a book on the names of countries; on mountains, 
valleys, and plains; on villages, post-houses, and dwellings; 
on seas, rivers, and lakes; on idols, graven images, and objects 
of heathen worship. I have not undertaken to write this book, 
nor dedicated myself to composing it, in a spirit of frolic or 
diversion. Nor have I been impelled to do so by dread or desire; 
nor moved by longing for my native land; nor prompted by 
yearning for one who is loving and compassionate. Rather, 
I considered it my duty to address myself to this task, and, being 
capable of performing it, I regarded responding to its challenge 
as an inescapable obligation. 

I was made aware of it by the great and glorious Book, and 
was guided to it by the Great Tidings, wherein God said, 
glory and majesty to Him, when He wanted to manifest to His 
creatures His signs and warnings and establish their guilt by 
visiting upon them His painful wrath: 

“Have they not journeyed through the land? And have 
they not hearts to understand with, or ears to hear with? 
Surely as to these things their eyes are not blind, but the 
hearts which are within their breasts are blind.” [Quran, 
XXII, 45.] 

This is a reproof to him who has journeyed through the 
world and has not heeded the warning, and to him who has 
contemplated the departed centuries and has not been deterred. 



“God said, and He is the most truthful of sayers: ‘Say: 
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Journey through the land and behold the manner in which the 
disbelievers have met their end.’” [Quran, VI, 11.] 

In other words, consider how their dwelling places were 
razed, all traces of them obliterated, and their lights extin- 
guished in punishment for disregarding His commandments 
and transgressing against His prohibitions. This message is 
found in other unabrogated verses setting forth irrevocable 
commandments and prohibitions. 

The first verse is a reprimand, clearly set forth, because of 
previous prohibition of the offense. The second is a com- 
mandment manifestly prescribing an obligation. This is from 
the Book of God, which “shall remain untouched by falsehood, 
in the future as in the past,” [Quran, XLI, 42] and which shall 
never suffer impairment as to its composition or form. 

In traditions concerning righteous men of the past, c Isa ibn 
Maryam (Jesus Son of Mary) is quoted as saying: 

“The world is a place of visitation and an abode of transi- 
tion. Be you then travelers in it, and take warning from what 
remains of the traces of the early ones.” 

Quss ibn Sa f idah, who the Prophet declared would be 
resurrected as an ummah [leader] by himself, said: 

“The most eloquent of sermons is journeying through the 
wilderness and contemplating the resting places of the dead.” 

Poets have praised caliphs, kings, and princes for journeying 
through the land and for braving high peaks and precipitous 
gorges. One of them has said in praise of al-Mu f tasim: 

“You ranged with power through all the land, 

As though you sought al-Khidris trail.” 

The means for seeing [various places] may prove impossible 
of attainment, whereupon it becomes necessary to seek infor- 
mation pertaining thereto. It is therefore incumbent upon us 
to inform the Muslims of that which we know, and to come to 
their aid with that which God, in His beneficence, has bestowed 
upon us. Though the need for this particular knowledge is 
shared by everyone who has a measure of learning, has acquired 
a part or parcel thereof, or who is known by it and bears the 
impress or the traces of one of its branches, yet I have not 
come upon anyone who has emended the faulty nomenclature 
[of geography] or who has felt himself equal to the task of 
rectifying information concerning the routes and regions per- 
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taining to it. Rather I have found that the majority of the 
transmitters of the akhbar (usages of the Prophet) and the 
eminent narrators of poetry and the dthdr (usages of the Com- 
panions), who have devoted all their time to these studies and 
exhausted their lives and efforts in such endeavors, have perse- 
vered with success in doing what is right; entering the gardens 
of wisdom through the gateways of every pursuit, excelling 
in the various fields of the letters and the sciences; in the 
recitation of the sunan (practices of the Prophet) and the 
dthdr , and in the narration of the hadith (traditions of the 
Prophet) and the akhbar . For they attain to a knowledge of 
the meaning of these studies, whereby they deduce the signifi- 
cance of preceding words from those which follow. For words, 
as it were, are like links in a chain, the end leading to the be- 
ginning and the beginning leading to the end. 3 

The Muslim geographers, besides dividing the earth into 
seven climates, also made several other divisions. For 
example, al-Mas c udi in his Meadows of Gold and Mines of 
Gems writes: 

... the mathematicians have divided the earth into four 
quarters, the east, west, north, and south. Another division 
is into the inhabited and uninhabited, cultivated and unculti- 
vated world. They say the earth is round, its centre falls in the 
midst of the heaven, and the air surrounds it from all sides. 

It is the dot (centre) in reference to the zodiac. 

The cultivated land is considered to begin from the Eternal 
Islands (Fortunate. Islands) ... in the Western Ocean, which 
is a group of six flourishing islands, and to extend as far as the 
extremity of China. . . . They found that this is a space of 
twelve hours (of the daily revolution of the sun) ; for they know 
that when the sun sets in the extremity of China, it rises again 
in the cultivated islands of the Western Ocean; and when it 
sets in these islands, it rises in the extremity of China. This is 
half the circumference of the earth, and the length of the 
cultivated parts of the globe, which, if reduced into miles, 
amounts to thirteen thousand five hundred geographical miles. 

The researches into the breadth of the cultivated land have 
shown that it extends from the equator as far north as the Isle 
of Thule . . . which belongs to Britannia . . . and where the 
longest day has twenty hours. 

They state that there is a point of the equator of the earth 
between east and west, which falls in an island between India 
and Habesh (Abyssinia), somewhat south of these two coun- 

3 The Introductory Chapters of YSqut's Mutant al-Bulddn, translated and 
annotated by Wadie Jwaideh (Leiden: E. J. Brill, 1959), pp. 1-4. 
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tries; and as it is in the middle, between north and south, so 
it is in the middle between the Fortunate Islands and the utmost 
cultivated districts of China; and this is known by the name 
of uie Dome of the Earth . . . and defined by the description 
which we have just given. 

Al-Mas c udl then turns to a consideration of the shape of 
lands and seas about which he writes: 



The philosophers are at variance about the form of the seas. 
Most of the ancients, such as the mathematicians of the Hindus 
and Greeks, believe that they are convex . . . (round). This 
hypothesis, however, is rejected by those who follow strictly 
the revelation. The former bring forward many arguments in 
proof of their statement. If you sail on the sea, land and 
mountains disappear gradually, until you lose even the sight 
of highest summits of the mountains, and, on the contrary, 
if you approach the coast, you gradually perceive, first, the 
mountains, and, when you come nearer, you see the trees and 
plains. 



This is the case with the mountain of Damiwand 4 . . . between 
er-Rai and Taberistan. It is to be seen at a distance of one 
hundred farsangs, on account of its height: from the summit 
nses a smoke; and it is covered with eternal snow, owing to 
its elevation. From the foot of the mountain gushes forth a 
copioiw river, the water of which is impregnated with sulphur, 
and of a yellow hue like the colour of gold. The mountain 
is so high that about three days and nights are required lo 
ascend it. When on the top, a platform is discovered, of about 
a thousand cubits square; but as seen from below, it appears 
as if terminating in a cone. This platform is covered with red 
sand (scoriae?), into which the feet sink. No animal can 
neach the summit, not even a bird, on account of the height 
e wind, and the cold. On the top are about thirty holes, from 
Whence issue clouds of sulphurous smoke, which is seen from 
e sea. From the same wind-holes . . . proceeds, sometimes, 
a noise to be compared with the loudest thunder, which is 
accompanied with flames. It frequently happens that a man 
Who exposes himself to danger, by climbing up to the highest 
mouths of these holes, brings a yellow sulphur back like gold, 
which is used in different arts, in alchemy, and for other 
Purposes. From the top the mountains all around appear like 
blocks, however high they may be. This mountain is about 

^nn 8, <^£? C L t voIcanic Peak about fifty miles northeast of Tehran, from 
• KL? Ch ° nC CaD SCC Caspian Sea t0 to north on a clew day. 
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twenty farsangs from the Caspian. If ships sail in this sea, and 
are very distant, they will not see it; but when they go towards 
the mountains of Taberistfin, and are within a distance of one 
hundred farsangs, they perceive the north side of this mountain 
of Damawand; and the nearer they come to the shore the more 
is seen of it. This is an evident proof of the spherical form of 
the water of the sea, which has the shape of a segment of a ball. 

In the same way if a man sails on the sea of er-Rum 
(Mediterranean), which is the same as that of Egypt and of 
Syria, he loses sight of the mount el-Akra 5 . . . which has a 
height beyond measure, and is near Antfikiyah (Antioch) . . . 
and of the mountains of el-LSdiklyah (Laodicea) , Atr&bolos . . . 
(Tripolis), and those of the Isle of Kobros (Cyprus), . . . 
and other places in the Byzantine empire; and he does not see 
these places although nothing is between him and them . 5 

These selections from the works of Yaqut and al-Mas c ud! 
are far from sufficient to give a fair sample of the writings 
of the Muslim geographers, but they at least demonstrate 
the concern of the Muslim authors with the general principles 
of geography, within whose matrix they made their descrip- 
tive studies of various parts of the surface of the earth, as 
well as their particular observations. 



C. Natural History 



The study of natural history in medieval times, in Islam 
as well as in Christianity, included a large number of topics, 
ranging from geography, geology, botany, zoology, and 
anthropology to sacred history, mythology, and cosmogony. 
The Muslim universal historians, such as al-Tabari and 
al-Mas c udI, began their history of mankind from the time 

5 El Mas’udis Historical Encyclopedia Entitled "Meadows of Gold and 
Mines of Gems,” translated by A. Sprenger (London: Oriental Translation 
Fund, 1841), pp. 195-196; 211-214. 
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of creation, and considered the state of man’s social existence 
in relation to his cosmic environment. Natural history in 
Islam has, in fact, usually been cultivated within the matrix 
of sacred history, just as in the Jewish tradition, in which 
authors like Philo wrote universal histories as commentaries 
upon the Old Testament, and particularly Genesis. In 
this tradition of writing natural history, no distinction is 
made between the sacred and the profane; all beings in the 
world are ultimately studied with respect to their Divine 
origin. 

The relatively rapid consolidation of the Islamic world, 
from Andalusia and Morocco to India, into one vast domain, 
in which a common religion, way of life and language were 
dominant, provided a special opportunity for the development 
of a tradition of natural history, just as it had for geography. 
The Muslim natural historians were able to acquire far 
greater knowledge of the various parts of the earth than can 
be found in such classical sources as the Historia Naturalis 
of Pliny. Many a traveler like Ibn Jubair or Ibn Battutah 
was able to journey from the Atlantic all the way to the heart 
of Asia and to record along the way his observations of the 
flora and fauna, and other natural features. 

In Islam, the works which are concerned with natural 
history fall into several categories. There are, first of all, 
the universal histories, some of which, like those of al-Tabari 
and Ibn Miskawaih, are more than anything else historical, 
while others, like the works of al-BIrunl and al-Suyutl, com- 
bine history with the sciences of nature. There are* also 
geographical texts, such as those of al-ldrlsl, which treat of 
questions of natural history. Another category of significance 
in this field is that of cosmographies, like The Wonders of 
Creation of Abu Yahya al-QazwInl, which often deal with 
cosmography in a mythological language, but also give 
descriptions based on the direct observation of phenomena 
and events, with a view toward highlighting the wonders of 
creation. 

Aside from these large treatises, in which many subjects 
appear, there are texts in the domain of natural history which 
are devoted chiefly to a single subject — such as the Nabataean 
Agriculture of Ibn Wahshiyah, the Book of Agriculture of 
Ibn al- c Awwam, the Book of Animals of al-Jahiz, which 
deals with zoology from both a scientific and a theological 
standpoint, and The Book of the Multitude of Knowledge of 
Precious Stones of al-BIrunl, which deals with minerals. 
Nearly all these works were written to show the wisdom of 
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the Creator in His creation. Most Muslim natural historians, 
like the medieval Christians, sought to study natural history 
not for “curiosity” but in order to observe the “signs of 
God,” the Vestigia Dei, so that they were continually draw- 
ing spiritual and moral lessons from the study of the king- 
doms of Nature, and saw in the world of Nature a unified 
domain in which God’s wisdom is everywhere manifested. 

Most of the Greek texts on natural history, especially the 
works of Aristotle and Theophrastus, as well as some Indian 
and Persian works, were known to the Muslims. Already in 
the second/ eighth century, the entourage of the sixth Shiite 
imam, Ja c far al-$adiq, included several scholars and scientists 
who were interested in this subject, and the imam himself 
left behind certain teachings connected with the various 
branches of natural history. Moreover, the corpus attributed 
to Jabir ibn Hayy&n also contains many treatises on various 
branches of natural history. One of the figures of the sec- 
ond/eighth century is al-Asma<I, who is one of the great 
literary figures of the Arabic language, and wrote several 
zoological treatises on the camel, the sheep, the horse, and 
many other animals, as well as on human anatomy. Although 
his interests were as much literary as well as scientific, 
al-Asma^I is generally regarded as the first Muslim authority 
in zoology, beginning a tradition of writing about the lives 
of animals, in which the literary considerations play as great 
a role as the zoological ones. 

Early in the third/ ninth century, there appeared two works, 
falsely attributed to Aristotle, which were widely read by 
later authors of natural histories. The first of these was the 
Secretum Secretorum, which is of Arabic, possibly of Syriac 
origin, and deals with physiognomy and other occult descrip- 
tions of Nature. This work was also well known in the West, 
in its Latin translation by Roger Bacon, as well as in its 
translation into such diverse languages as Catalan and 
Flemish. The second is The Lapidary of Aristotle, compiled 
from Persian and also Syriac sources, and differing from file 
mineralogy of Theophrastus. 

In the second half of the third/ ninth century, al-Jahiz, 
Mu'tazilite scholar and man of letters, wrote his Book of 
Animals, which is the most famous Arabic work on zoology. 
Al-Jahiz, like al-Asma c I, combined philology with zoology, 
and the Greek and Arabic traditions of aninud lore. His Book 
of Animals had a marked influence upon all later writers on 
this subject, and in fact on Arabic literature in general, be- 
cause al-Jahiz is one of the foremost Arabic prose writers. 
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In this work, traditions from many sources are accumulated, 
and scientific, literary, moral and religious studies of animals 
are combined. It set a standard for writing in natural history 
which was to be emulated by later authorities in the field. 

Another treatise, which became nearly as famous as that 
of al-Jahiz, was the Nabataean Agriculture of Ibn WahshTyah, 
which appeared shortly after al-Jahiz’s work but differs 
greatly from it in character. This work is not only a treatise 
on agriculture, as its name indicates, but also concerns itself 
with the occult properties of things. The author maintains 
that he is bringing to light the esoteric teachings of the 
ancient Babylonians; more likely, he was expounding certain 
beliefs of his own time in Mesopotamia, which probably con- 
tained elements of the doctrines of the Nabataeans, who were 
descendants of the old Chaldeans and spoke Aramaic. In 
any case the Nabataean Agriculture , along with many other 
treatises attributed to Ibn Wahshlyah, became among the 
most widely read works on that branch of natural history 
which sought to deal with the hidden properties of things. 
Moreover, Ibn Wahshlyah has always been regarded as one 
of the authorities in such domains as astrology, magic, nu- 
merology, and other branches of the occult sciences. There 
are many well-known figures such as Shams al-DTn al-Bunl, 
who wrote numerous treatises on this branch of the his- 
tory of science, a field that is of far greater significance 
for the understanding of the medieval sciences than is usually 
recognized. 

During the fourth/tenth and fifth/ eleventh centuries, the 
Epistles of the Brethren of Purity appeared, in which all the 
sciences were treated, unified by a Pythagorean philosophy of 
numbers, which runs throughout the whole of this large work. 
The Epistles also treat in detail of geology, mineralogy, 
botany, zoology, etc., and present a summary of the Islamic 
sciences during this period, which marks their apogee. Of 
special interest from the point of view of natural history is 
the Dispute between Man and the Animals , a part of the 
epistle on zoology which discusses the animal kingdom in a 
manner more reminiscent of the Indian and Persian tradi- 
tions of natural history than of the Greek. In this treatise, 
more attention is paid to the qualities and virtues of each ani- 
mal species, and to the moral and spiritual lessons that can 
be learned from the animal kingdom as a whole, rather than 
to sheer zoological description. 

Contemporary with the Epistles of the Brethren of Purity, 
there appeared the Book of the Guide on materia medica, 
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containing much about botany and mineralogy, by the Pales- 
tinian author al-Tamimi, as well as the works of al-BIrunf 
and Avicenna. Al-Birunl wrote some of the most notable 
pages on geology, which are contained in his geographical 
treatises, as well as in his India. As already mentioned, he is 
also the author of The Book of the Multitude of Knowledge 
of Precious Stones, which is the best text on mineralogy in 
Islam, and contains detailed descriptions of many minerals, 
as well as the specific weights for some of them, as will be 
shown later in the chapter on physics. As for Avicenna, The 
Book of Healing contains an elaborate discussion of geology, 
botany, and zoology as well as of mineralogy, the section on 
mineralogy having become famous in the West independently 
as On Mineralogy (De Mineralibus) (for a long time attrib- 
uted to Aristotle). 

From the fifth/ eleventh century onward, there began to 
appear a series of works on agriculture and botany by authors 
from Andalusia, who soon became the foremost authorities 
in this field. The Arabs built elaborate water-systems in Spain; 
even the Persian garden found a new home in this land, be- 
coming modified into a new form, which has survived to this 
day as the Spanish garden. The varied flora of Andalusia 
and Morocco, made possible through the ingenious irrigation 
system which has remained in certain regions until now, pro- 
vided the background for the botanical works for which the 
Spanish authors were particularly famous. During the fifth/ 
eleventh century, Abu 'Ubaid al-Bakri composed a work on 
the plants and trees of Andalusia, and his compatriot, Ibn 
Hajjaj, in his Sufficient, dealt with botany, which he combined 
with grammatical considerations. 

In the sixth/ twelfth century, basic treatises on botany were 
written, beginning with the treatise on simples by Ibn SarabI 
(in Latin, Serapion Junior). Later in the century, there ap- 
peared the Andalusian al-Ghafiql’s work on drugs and plants, 
file most exact in Islamic annals, arid his compatriot Ibn 
al- c Awwam’s Book of Agriculture, the most important medi- 
eval treatise on this subject, which in thirty-four chapters 
deals with agriculture and animal husbandry. In zoology^ 
there were several famous treatises — such as that of Ibn 
Jawaliqi on horses, Avempace’s treatise on hunting, al-Mar- 
wazl’s The Natures of Animals, and several works on fal- 
conry, in both Arabic and Persian, some of which are studied 
to the present day. 

During the next century, c Abd al-Latlf al-Baghdadl wrote 

over one hundred fifty treatises on nearly every subject, in- 



Cosmology , Geography , Natural History 113 





eluding an Account of Egypt , which contains detailed botani- 
cal observations. At the same time, Ibn al-Surl made the first 
known effort to paint plants at the different stages of their 
growth, while Abud- c Abbas al-Nabatl, another Spanish au- 
thority on botany, wrote several works on plants, highly re- 
garded among Muslims. There was also a well-known work 
on mineralogy at this time, by the Egyptian al-TTfashl, called 
Flower of Thoughts on Precious Stones. As for zoology, Ibn 
al-Mundhir’s treatise on hippology, the best work of its kind 
in medieval times, is of particular significance. 

The writing of treatises on animals continued into the 
eighth/ fourteenth century, which also marks the appearance 
of the greatest Muslim treatises on zoology. The Wonders of 
Creation of Abu Yahya al-QazwInl, mentioned above, the 
Collected Stories of al- c Aufi, the Description of Animals and 
their Uses of Ibn al-Bukhtyishu c , the Uses of Animals of Ibn 
al-Duraihim and the Lives of Animals by Kamal al-Din al- 
DamTrl — all of which are major zoological texts — were all 
written within the space of nearly a century, from the second 
half of the seventh/ thirteenth to the second half of the 
eighth /fourteenth century. The work of al-Damlri is, in fact, 
the most complete source for the knowledge of zoology in 
Islam, and one of the best sources of its folklore. This work 
also had influence in modern zoology, through the poem 
which al-Suyutl, the Egyptian scholar and encyclopedist, 
wrote about it. The poem was translated into Latin during 
the seventeenth century, being incorporated into the Hiero - 
zoicon, written in 1663, which involved a study of the ani- 
mals mentioned in the Bible, just as al-Damln’s Lives of Ani- 
mals included a study of the animals mentioned in the 
Quran. 

Besides these major studies on animals, the eighth/ four- 
teenth century also witnessed the writings of several works 
on botany, of which the most notable is the treatise on 
agriculture by the sixth Rasull sultan of the Yemen. But, 
just as with other branches of the natural and mathematical 
sciences, so in natural history from this time on the writings 
of new and serious studies diminished considerably, even 
though a Safavid sage, Mir Damad, made an observational 
study of bees, or scholars in the Mogul court wrote treatises 
on horses or falcons, or composed scientific encyclopedias 
containing much material on natural history. 

Of the geological studies by Muslim authors, few are as 
^act and penetrating as those of al-BIrunl, who made acute 
observations of land forms and mountain structures, during 
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his many journeys over the lands of Western Asia. For ex- 
ample, he discovered the sedimentary nature of the Ganges 
Basin, about which he writes: 

One of these plains is India, limited in the south by the 
above-mentioned Indian Ocean, and on all three other sides 
by the lofty mountains, the waters of which flow down to it. 
But if you have seen the soil of India with your own eyes and 
meditate on its nature — if you consider the rounded stones 
found in the earth however deeply you dig, stones that are 
huge near the mountains and where the rivers have a violent 
current; stones that are of smaller size at greater distance from 
the mountains, and where the streams flow more slowly; stones 
that appear pulverised in the shape of sand where the streams 
begin to stagnate near their mouths and near the sea — if you 
consider all this, you could scarcely help thinking that India 
has once been a sea which by degrees has been filled up by the 
alluvium of the streams. 6 

Al-Blrunl was fully cognizant of the great geologic up- 
heavals that took place in the past, and the gradual process 
by which such changes were brought about: 

In a similar way, sea has turned into land and land into sea; 
which changes, if they happened before the existence of man, 
are not known and if they took place later they are not remem- 
bered because with the length of time the record of events 
breaks off especially if this happens gradually. This only a few 
can realize. 

This steppe of Arabia was at one time sea, then was upturned 
so that the traces are still visible when wells or ponds are dug; 
for they begin with layers of dust, sand and pebbles, then there 
are found in the soil shells, glass and bones which cannot 
possibly be said to have been buried there on purpose. Nay, 
even stones are brought up in which are embedded shells, 
cowries and what is called “fish-ears,” sometimes well-preserved 
or the hollows are there of their shape while the animal has 
decayed. The same are found at the Bab al-Abwab on the shores 
of the Caspian Sea. But there is no memory of a known time nor 
any history about it for the Arabs have inhabited the land since 
their ancestor Yoqtan. Of course, they may have lived in the 
mountains of Yaman while the lowland was sea. These were 
the 'Arab al- c Ariba of antiquity. They cultivated the land 
from a spring between two mountains, the waters rising to the 

6 From AlberunVs India , translated by E. C. Sachau (London: Kegan 

Paul, Trench, Trubner & Co., Ltd., 1910), I, p. 198. 
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top, and two gardens flourished right and left till the dam break 
of al- c Arim ruined them because the water sank and cultivation 
ceased and in place of the two gardens there were two waste 
lands with bitter herbs, tamarisks and a few willows. 

We find similar stones in the centre of which are enclosed 
“fish-ears” in the sandy desert between Jurjan and KhwSrazm 
which must have been a lake in the past, because the river 
Jaihum (Oxus), I mean the river of Balkh, ran through them 
to the Caspian Sea past a district known as Balkhan. Thus 
Ptolomaios mentions in the book Geographaia that the river 
flows into the sea of Hyrcania, i.e. JurjSn. Now between to- 
day and the time of Ptolomaios are nearly eight hundred 
years. The Oxus used to flow in those days through those plains 
which to-day are desert from a place between Zam and Amuya 
and irrigate the lands and villages which were there round 
Balkhan and shed into the sea between Jurjan and al-Khazar. 
Then happened some silting which diverted the waters to the 
land of the Ghuzz Turks, where its course was interrupted by 
a mountain known to-day by the name of fam>al-Asad (the 
lion’s mouth) and among the people of Khwarazm as Sikr 
ash-Shaitan (Devil’s Dam). There the water accumulated and 
rose so that the traces of the dashing of the waves are on the 
heights thereof. Then when the weight (of the water) and the 
pressure on those porous stones became excessive, it broke 
through and burrowed about one day’s journey, then turned to 
the right towards Farab on a course known to-day as al-Fahmi. 
The people cultivated the land on both sides of its bank, 
in about three hundred towns and villages, the ruins of which 
are remaining to this day. Then happened to this water-course 
after a lapse of time what happened to the first and the water 
turned to the left to the land of the Pajnakis and took the 
water-course known as Wadi Mazdubast in the desert between 
Khwarazm and Jurjan and irrigated numerous localities for a 
long time till they too fell into decay. So the inhabitants moved 
to the coast of the Caspian Sea. They are folk of the kind of 
the Allan and al-Uss and their language to-day is a mixture of 
Khwarazm! and Pajnakl. After this all the water flowed towards 
Khwarazm after seepings had flown there before and it purified 
itself at a place barred by rocks, which to-day is at the beginning 
of the plain of Khwarazm, and burst through it overflowing 
the district and making a small lake and on account of its 
abundance of water and the strong current it became muddy 
from the clay the water carried. This used to sink as the water 
spread with the mud it carried and harden gradually where it 
broke through and became dry and the lake moved further till 
it surrounded all Khwarazm and the lake reached the sand-dune 
which lay across its course and as it was not able to press it 
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further it turned towards the north to the land inhabited by 
the Tu rkuman to-day. Between this lake and that which was 
in the Wadi Mazdubast is no great distance. It has become a 
muddy salt-swamp which cannot be forded and is known 
in Turkish as Khiz-Tanqizi, i.e. the Maiden’s Sea. T 

As for mineralogy, it was usually studied in connection 
with geology, so far as the question of the genesis of minerals 
was concerned. Here, the sulfur-mercury theory of metals 
(which we shall discuss in the chapter on alchemy) was com- 
bined with the mineralogical theories of Aristotle and Theo- 
phrastus. But there were also studies devoted to the physical, 
chemical and also occult aspects of minerals, such as that of 
al-BIrunl already cited. There came into being also a whole 
literature on precious stones, which dealt with their quality 
and value, as well as with their medical, theurgical and magi- 
cal powers, in this way continuing a tradition which had 
already been well developed in Persia and India, before the 
rise of Islam. 

Botanical studies were also combined with medical consid- 
erations, and a literature developed on the properties and uses 
of plants — and, in certain cases, minerals — as poisons. On 
this latter subject, such well-known works as the Book of 
Shanaq were based mainly on works translated from the 
Sanskrit and Jabir’s Book of Poisons, the most elaborate work 
on this subject in Arabic, bears the imprint of Indian and 
Iranian influences. One of the best illustrations of the plant 
studies in which botany and medicine are combined is the 
Book of Simple Drugs of al-Ghafiqi, which was later abridged 
and summarized by Barhebraeus. Regarding cinnamon, which 
reached the Islamic world from China and was therefore 
called “Chinese wood” (yet which was unknown in exactly 
this form in the drug trade of the Ancients), al-Ghafiqi 
writes: 

Dir Sini CINNAMON, (Bark of Cinnamomum ceylanicum 
Nees., Cinnamomum Cassia B). and others). 

Its explanation in Persian is “the China tree.” 

ISHAQ IBN SULAIMAN: Cinnamon is of different kinds: 
one, which is the real kind, is called Chinese cinnamon (dar 
sini as-Sin); another one is inferior, i.e. cassia bark (dar siis 
of Cinnamomum Cassia Bl.). Other kinds are known as “the 
real bark” and “clove bark.” 

7 From al-BIrunl, Kitab al-tahdid, translated by F. Krenkow in Al-Biruni 
Commemoration Volume (Calcutta: Iran Society, 1951), pp. 199-200. 
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As to the “real cinnamon” its substance is richer, thicker 
and more porous than that of the “bark.” Usually its substance 
is as thick as a little finger, and an oily exudate is produced 
when the bark is chewed or pounded. Its colour is intermediate 
between the redness of the “bark” and the blackness of “clove,” 
but more inclined to that of the first, for its redness is more 
pronounced and apparent than its blackness. Its outside colour 
is more like that of the red cassia-bark. Its flavour causes at 
first a sensation of pungency with a little astringency, then is 
followed by sweetness and ends in bitterness, and a saffronlike 
flavour with a slightly oily taste. Its smell is like that of Ceylon- 
bark, and when chewed there is a taste like that of saffron with 
a trace of lotus-odour. 

Concerning the “inferior cinnamon,” it closely resembles 
the substance of the “bark” in its lightness, porosity (loose 
texture) and its red colour, except that its redness is more 
pronounced, its coloration more intense and its substance 
thinner and harder. Its twigs are twisted, thin and contracted, 
resembling the tubes of the common reed, except that they 
are split up longitudinally and are neither united nor coherent 
Its smell and taste are similar to those of the “bark” as is also 
their aroma (spicy odour) and astringency, except that the 
cinnamon is possessed of more heat and less sweetness and 
astringency. 

The “real bark” is sometimes thick and sometimes thin; 
both kinds are red, smooth and inclined to be shiny. On the 
outside they are rough and of whitish-red colour, a little like 
that of cassia-bark. It is of a fragrant aroma, and in its taste 
(flavour) there is pungency and acridity with a little sweetness. 

As to that kind which is known as clove bark, it is thin, 
hard, blackish and not porous. Its smell and taste are like those 
of cloves, except that the latter are a little stronger. 

DIOSC. [Dioscorides] I (14): (kindmomon), i.e. the cinna- 
mon. The best kind is that which is called (Mdsylon), resem- 
bling a little the cassia bark called (Mosy litis). The best sample 
of this kind is the fresh, dark, inclined to ash-red colour and 
of very aromatic smell but free from any odour of rue, or lesser 
cardamom, filling the nose with its smell. 

There is another kind, from the mountains, which is thick, 
short and of hyacinth-red colour. A third kind, still nearer to 
the first, is dark, smooth, brittle and with few knots. 

A fourth kind is white, soft, rough grown, and has a root 
which is easily broken when rubbed between the fingers. 

A fifth kind has an odour like that of cassia bark, is of 
penetrating smell, hyacinth-red colour, with a bark like that 
of cassia, not very brittle and with a thick root 

Any one of the above-mentioned kinds which has an odour 
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resembling that of frankincense, myrtle or cassia bark and 
whose aroma is somewhat greasy, is not good (or: inferior to 
the good). Refuse the white, scabbed, with wrinkled wood, 
and that which is (not) smooth or ligneous. Throw away the 
root, as it is useless. 

There is another drug like cinnamon, called “false cinnamon,” 
of rough structure and weak smell and strength. There is, 
moreover, a bark of cinnamon which is called (zingiberi) re- 
sembling, in aspect, the cinnamon, but of a rancid smell. 

As to that which is called (xylokindmbmon) and known as 
“bark,” it is like cinnamon as to its root and the number of its 
knots. It is a wood with long and resistant twigs and its aromatic 
odour is much less than that of cinnamon. It is said that the 
“bark” is a different kind and not of the same nature as 
cinnamon . 8 



Interest in pure zoology was similarly rather rare. Usually, 
the study of animals was combined with interest in their 
medical and pharmacological uses, and even more often in 
deriving moral and spiritual lessons from them, and in wit- 
nessing God’s wisdom in Nature. The Muslim zoologists com- 
bined many quaint beliefs, especially as to the origins of cer- 
tain species, with accurate observations of their lives and 
habits. For example, al-Jahiz and Abu Yahya al-QazwIril re- 
garded the giraffe as a hybrid of a wild she-camel and a male 
hyena, while al-Mas c udi believed it to be a hybrid of the 
camel and the panther. Buzurg ibn Shahriyar in his Book of 
the Marvels of India considers the “ape-man” (called in 
Arabic nasnas), and also certain forms of monkeys, to be the 
result of the union of man with the hyena and other wild 
beasts. Al-Damlri follows a general belief among the Mus- 
lims that the rhinoceros, whose description was first given 
by al-BIrunl in his India, is a cross between a horse and an 
elephant. 

As an example of a zoological text in which zoology is 
combined with philology and also popular medicine, let us 
consider the beginning of the third part of the first chapter 
of Hamdallah al-Mustaufi al-QazwTnl’s cosmographical en- 
cyclopedia, The Delights of the Heart, which is one of the 
well-known zoological works that appeared during the hun- 

8 The Abridged Version of “ The Book of Simple Drugs f* of Ahmad ibn 
Muhammad al-Ghafiqi by Gregorius Abu>l-Farag (Barhebraeus) , edited 
with an English translation, commentary and indices by M. Meyerhof and 
G. P. Sobhy. Vol. I, Fasc. Ill (The Egyptian University, The Faculty of 

Medicine Publication No. 4. Cairo: Government Press, 1938), pp. 468- 
470. 
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dred years stretching from the seventh/ thirteenth to the eighth/ 
fourteenth century, a time when the best zoological texts in 
Islam were being written. 



Concerning Animals 

The decree of Eternal Wisdom has contrived the natural 
form of animals for the warding off of the pernicious and 
deadly evils which may ensue from the infections of the air, 
that so there might be ease for the constitution of man, the 
perfected of perfections. For if there had been no animal life, 
these evils would have brought disasters on man’s constitution, 
and kept him from rising to the attainment of perfection. 

He gave to animals sensation and motion, that they may 
seek their food . . . and that by reason of their movement those 
infections and harms may be the more readily averted from 
mankind. And some He made the enemies of others, so that 
this might be the cause of a more abundant movement in them; 
and He bestowed on every one, according to their necessity, 
the means for the preservation of their lives, and for drawing 
to themselves advantages, and for averting the injury an enemy 
might do, that thus they might be preserved. And praise be to 
Him who has bestowed everything of which there is need , 
without redundancy and without falling short . And since He 
created them as instruments for man, some He created in their 
nature pacific, and gave them no instruments for inflicting 
injury, so that by nature they are submissive to man; some ^re 
for riding, and some are for food, as God (may He be praised 
and exalted!) has said: Have they not seen that we have cre- 
ated for them , amongst the things our hands have made, cat - 
fte — and they are the owners thereof? And we have tamed them 
for them , and of them some are to ride, and of them are what 
they eat. [Quran XXXVI, 71-72.] And to some He gave the 
quality of teachableness, so that, although they were not natu- 
rally submissive, through teaching they became obedient, and 
[fit] instruments [for man]; and as to some, that resisted and 
rebelled against man, He directed man that he so got the upper 
hand of them as to overthrow them all and to share in their 
utilities. 

And to set a limit to and enumerate the species of animals 
fa beyond what a far-sighted intelligence and a meditative 
understanding can compass: God (may He be exalted!) has 
said: And none knows the hosts of the Lord except Himself; 
[Quran, LXXIV, 34] but of what our understanding can reach 
to, we shall make mention under three classes— of the land, 
of the water, and of the air. 
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And it has been said that every animal that goes on two legs 
takes a single mate, and while mated is jealous, and all those 
which go on four legs become enamoured of numerous mates; 
and those whose ears project from their heads bring forth their 
young, and those whose ears do not project lay eggs; and every 
animal that has horns is without upper front teeth. And in 
regard to the lawfulness and unlawfulness of their flesh, al- 
though I shall state (the ruling) according to fatwa under the 
name of every animal in succession still, summarily, what 
the Prophet (may God pour blessings on him and preserve him!) 
said has proved a felicitous guide, viz.; All wild beasts with 
canine teeth are forbidden , and all birds with tearing claws . 

THE FIRST CLASS 
Concerning Terrestrial Animals 
And that comprises five sections. 

THE FIRST SECTION 
Concerning Domestic Animals 

Of these I shall enumerate ten kinds in alphabetical order. 
Ibl, the Camel, is called in Arabic ba c lr, in Turkish divi, and 
in Mongolian tamkun. The Arabs call the male jamal , and 
the female naqat, and a young camel bakr , and an old one 
n&b and and a two-humped camel falij; a superior camel 
they call nafib , a one-year-old ibn mukhdd , a two-year-old 
ibn labun, a three-year-old hiqq , a four-year-old jadha s a five- 
and a six-year-old thaniy, a seven-year-old rabd% an eight - 
year-old sadis, a nine-year-old bazil, a ten-year-old mukhlif; a 
pregnant camel is khalifat, and its progeny huwar and fasil , a 
baggage animal hamulat , a milch camel laqdh. And in Turkish 
the male is called baqar, the female inkan. The Arabs of the 
desert own large numbers of them. 

The camel is an animal of a strange make, large-bodied, 
eating little, bearing burdens, obedient to command. God 
(may He be exalted!) said; Do they not look then at the camel 
how she is created . [Quran, LXXXVIII, 17.] It is susceptible 
to ecstasy and gladness; and Shaikh Sa c dl of Shiraz says (verse): 
The camel becomes ecstastic and dances at the Arab’s song; 
if thou rejoicest not, thou art a cross-grained beast. 

Its flesh is allowed to be eaten by all the sects; it is warm 
and dry in the first degree, and furnishes an atrabilious and 
coarse diet. The camel is intelligent, hence when it is sick 
it eats oak-leaves and recovers; and when a poisonous snake 
bites it, it eats a crab and the poison takes no effect. 

Its liver averts cataract and gives clearness of vision. 
Wherever its fat is put down snakes flee from thence; and its 
fat is beneficial in piles. If its hair be tied round the left thigh 
it arrests diabetes. 

Camels are of several kinds: the lok, the besurdk, and the 
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bukhtl; and the best as regards appearance and price is the 
bukhti , and for bearing burdens the besurak, and for enduring 
thirst the 16k . 

BaghI, the Mule, is called qatir by the Turks and la'usa by 
the Mongols. It is begotten of a horse and an ass; that which 
has the ass for its father is better than that which has the ass 
for its mother; its qualities are more those of the horse than of 
the ass, and in appearance, too, it has a greater resemblance 
to its mother. That which is begotten of a horse and a wild 
ass is the better; and the mule of the East is better than that of 
other countries. It is the longest lived of domestic animals, be- 
cause of its seldom copulating, just as the sparrow is the short- 
est lived of birds through much copulating. And mules have 
no offspring, because the foetal membranes are not strong 
enough to protect the young, and the birth passage is narrow 
and the egress of the young difficult. And if ever a mule should 
become pregnant, it dies at the time of the birth and cannot 
bring forth. 

And inasmuch as the unlawful prevails over the lawful, and 
the mule is born of the unlawful and the lawful, the eating of 
it is also unlawful. And as to that which is born of the wild 
ass and the horse, although the two parents are lawful to eat, 
yet this kind of mule is exceptional, and a rule is not to be 
founded on an exceptional occurrence; hence this also is ruled 
to be unlawful. 

Its Properties . — Any woman who eats the heart of a mule 
will not become pregnant. Five drachms of a mule’s hoof mixed 
with oil of myrtle, if rubbed on any place, will cause hair to 
grow there, and will cure ringworm of the scalp. The smoke 
of its hoofs, its hair, and its dung will drive away rats. If a 
pregnant woman drinks its urine she will bring forth a dead 
child. The stinging flies in the sores on its back ward off piles. 

If a pregnant woman ties its skin round her arm the offspring 
will perish, and if the woman is not pregnant she will not be- 
come so. 

Baqar, the Ox, is called saqar (?) by the Turks and hokar 
by the Mongols. The Arabs call the male thaur and the female 
baqarat, and its young they call c ji It is an animal of great 
strength, and of many uses; and the world’s welfare turns on 
it as a centre. Its flesh is lawful to eat; but a cow that eats dung 
they call jallala, and to eat her flesh is disapproved, inasmuch 
as nature turns against such an action. 

The ashes of the cow’s horn cure fever, and increase sexual 
power, giving great stiffness to the male organ; and if put in 
the nose they check bleeding [at the nose]; and mixed with 
vinegar and used as an ointment on a leprous patch (of the 
maculo-anaesthetic type) before the rising of the sun, it re- 
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stores to health. If its bile be rubbed on a tree, grubs will not 
attack the fruit; and if it be boiled with cottonseed and the 
seeds of radish, and used as an ointment on chloasma, it will 
cure it; incorporated with the dung of rats and given to one 
who has colic, it immediately gives relief; and when the ox’s 
bile is mixed with honey, it will cure diphtheria. Its kidney 
daubed over the neck cures tuberculous glands. 

Its flesh is cold and dry in the first degree, but the male is 
less cold, and the female less dry; and the flesh of the calf is 
better than either, though none are free from harm, causing 
morphoea, cancer, rash, tubercular leprosy, and elephantiasis. 

The penis and testicle of a calf rubbed up will increase sexual 
power and the stiffness of the male organ. If its blood be burnt 
in the presence of a number of people, discord will break out 
among them. The horn of a black cow incorporated with bar- 
ley meal and spread on piles, fistulas, and tuberculous glands 
cures them; its urine mixed with human urine and used to 
wash hands and feet will cure a long-standing quartan ague. 
The smoke of dried cow’s dung gives relief in difficult labour; 
and if the dung be rubbed on one suffering from dropsy it 
cures him. 

J&miis, the Buffalo, called d by the Mongols, is a strong- 
bodied animal, and very powerful. It has a worm in its brain 
which perpetually torments it, so that it sleeps little, and stays 
always in the water. It is an enemy of the lion and the croco- 
dile, and mostly gets the better of them, but it is helpless against 
gnats. It is lawful food in all sects, but its flesh is not free from 
harm. 

Its Properties . — The worm of its brain causes sleeplessness. 
Its fat pounded up with brine cures chloasma, leprosy (maculo- 
anaesthetic), and the itch (scabies). Eating its flesh will get rid 
of lice from the clothes. 

Hlmar, the Ass, called <a/r by some of the Arabs, ishak by 
the Turks, ilchakan by the Mongols. The Arabs call its colt 
fahsh. It is an animal of sluggish limbs and from its excessive 
stupidity copulates with its own mother; no other animal has 
this habit — it is only rarely they mount their mothers. The 
quality of the ass is extremely cold; and it is unlawful to eat it. 

Its Properties .— When one who has been bitten by a scor- 
pion rides facing backwards on an ass, and the ass trots, the 
pain will be relieved. Its brain mixed with olive oil will make 
the hair grow long. Its tooth put beneath the pillow will bring 
sleep. Its liver cures quartan fever and epilepsy, — better if 
taken on an empty stomach. Its spleen causes an increase in 
the quantity of milk. Its hoof cures epilepsy and (maculo- 
anaesthetic) leprosy; and mixed with olive oil cures tubercular 
glands in the neck, and pains in the joints and fistula. Eating 
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its flesh is a remedy against poison and tubercular leprosy. Its 
fat melted heals wounds and ulcers. A watery extract of its 
fresh dung, if dropped into the nose, checks nose-bleeding. If 
its urine be rubbed on a boat, fish will gather round it. Its blood 
cures piles, and will change a child of bad disposition into one 
of good disposition. Its milk used as a gargle will allay tooth- 
ache, and if drunk will take away a long-standing cough. The 
hair of its tail put in wine will bring about a drunken brawl. 

The ass is terrified by the lion, to such a degree that when it 
sees the lion it stands stock still, and the lion comes up and 
eats it. And in the back of the neck of some asses is a kind of 
stone, the account of which has been given under “Stones.” 

Sinnaur, the Cat, called hirr by some of the Arabs, jatak by 
the Turks, malghun by the Mongols. It is a greedy animal, of 
various colours, and to eat it is unlawful and to kill it for- 
bidden. When angry it becomes so enraged as to be beside 
itself; hence infidels used to bring up a devotee on the flesh of 
cats, so that he might overcome his antagonist. The cat is the 
enemy of the rat; and the elephant dreads the cat. In the 
Mujmalu-t-Tawarikh it is said that the cat does not breed in 
China. 

Those who apply its bile to their eyes become keen-sighted 
in the night; and half a drachm of it mixed with olive oil is 
beneficial to one with facial paralysis; and pounded up with 
cumin seed and salt it heals old wounds. The spleen of a black 
cat tied on a woman with excessive menstruation will check 
the flow, and until it is taken off the menses will not reappear. 
Its flesh boiled and used as a poultice to the gout allays the 
pain; and if eaten, magic will take no effect against the eater. 

If its blood is applied to tubercular leprosy, (the disease) will 
disappear. Its flesh, dried and rubbed up, and placed over the 
wound where a thorn or an arrow-head has entered, will ex- 
tract (the foreign body). 

Ghanam, Sheep and Goats, are called by the Turks qdyun ; 
and the sheep is called by the Arabs da c n and na c ]at ; and the 
lamb they call hamal; and a one-year-old sheep or goat the 
Arabs call jadha c . And to eat it is lawful in all religions and 
sects, and is salutary. And it is a wholesome animal, and con- 
fers prosperity; and the Prophet (may God pour blessings on 
him , and preserve him!) said, of the blessings it confers: The 
sheep is affluence. Once every year it brings forth one young 
one, and now and then two, and then no more for a year; and 
men eat of them incalculable and uncountable numbers, and 
[yet] the face of the earth is full of them — unlike other and 
Predaceous animals, which bring forth several times every year 
and several young at a birth, and of which men eat none, whose 
numbers [nevertheless] are small. And praise be to Him whose 



124 Science and Civilization in Islam 

wisdom has decreed the fewness of the noxious and the abun- 
dance of the serviceable , in kindness and mercy towards His 
servants — verily He is powerful to do what He wills . And the 
relation of goods lawful and unlawful is similar. 

In the c Ajfr ibu-l-Makhluqdt it is related that there is a kind 
of sheep in India that has a tail on its breast, two on its back, 
two on the thigh, and one as usual at its hinder end like other 
sheep; and though these are not the proper places for a tail, 
the white flesh is in such amount because of the presence of 
fat that it looks like a tail. And in Firs there is a sheep the 
tail-fat of which is greater in amount than [the whole of] its 
flesh. And in these provinces [i.e. the region round Qazwln] 
there is a kind of sheep which has no tail, which they call jarl, 
and its flesh is more delicate than that of sheep with tails. 

And sheep are as terrified of a wolf as asses of a lion. 

The Properties of the Sheep . — The horn of a ram together 
with its bile mixed with honey will retard the formation of 
cataract, and remove corneal opacities. If a woman carries 
some of its wool about her she will not become pregnant. Its 
flesh has many virtues, and is the best of foods — particularly 
a yearling which has been castrated. The sheep’s flesh is hot in 
the second degree and moist in the first; the flesh of ram and 
ewe is not free from harm. The milk of the sheep is salutary 
at most times; and the curds, and butter and cheese, and 
the boiled and thickened milk, and the dried sour milk, and 
whatever they make from it — everything is characterized by a 
number of properties, but it would be tedious to expound 
them all. 

Fares, the Horse, is called khail and kurd c in Arabic, at in 
Turkish, and muri in Mongolian. A stallion is called hisdn in 
Arabic, and aighir in Turkish, and ahra c a in Mongolian; a 
mare, ramakat in Arabic, qisrdq in Turkish, kun in Mongolian; 
a colt in Arabic muhrat , in Turkish qulun, and in Mongolian 
utghdn. A gelding in Turkish akhtd; in Persian the term for 
it is well known. A slow horse the Turks call nashiqa, a swiff 
ambling horse they call yurqa, a racehorse qurduna, and 8 
horse going quick with a jolting trot they call qdtardk . The 
eating of its flesh is allowed in the sect of the Imam Shaft c > 
(may God be well pleased with him!), and disapproved in the 
other sects; it is warm and dry in the second degree. And the 
horse is the most beautiful in form and colour, and the swiftest 
of animals, outstripping all others; it is of all colours, and along 
with beauty of form it has also excellent qualities, such as 
obedience, and intelligence, and fortitude and endurance in 
battle. And God most high has shown His favour by making 
him a riding beast for man; the Most High has said : And horses 
and mules and asses, for you to ride upon, and for an ornament > 
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[Quran, XVT, 8] and the Most High has said: And prepare ye 
against them what force and companies of horse ye can, to 
make the enemies of God , and your enemies, in dread thereof . 
[Quran, XVIII, 62] And the Prophet (may God pour blessings 
on him, and preserve him!) said: Prosperity is tied to the fore- 
lock of the horse till the day of judgment. 

In the Mujmalu-t-TawarikJi it is said that the horse does not 
bring forth young in Hindustan; and in the Tarikh-i-Fandkafi 
that horses are in greater number among the Turks, but of 
greater value among the Arabs — hence the Arabs attach im- 
portance to their horses’ lineage. 

Its Properties. — If a horse’s tooth is tied on a child its teeth- 
ing will be quick and painless; if its hair be hung at the door 
of a house, gnats will not enter. If its hoof be buried in a house, 
rats will leave it. If its sweat be rubbed on a child’s pubes, it 
will grow no hair there; and if rubbed on piles it will cure 
them. The smoke of its dung quickly gives relief in difficult 
labour; the water of its dung will check bleeding at the nose. 

Its blood dropped in the ear will take away earache. 9 

The Muslim mind has always lived at the level of wonder 
vis-a-vis the world of Nature. While he has derived benefits 
from it, Nature has never for the Muslim become emptied of 
its animating spirit nor devoid of the fragrance of the ter- 
restrial paradise. Whether as virgin Nature whose domains 
the works on natural history sought to describe or as gardens 
— especially the Persian and Andalusian ones, in which nature 
was “controlled” according to a deliberate plan — natural 
forms have presented to the Muslim eye the tranquillity and 
peace as well as the wonder and awe characteristic of the 
Islamic conception of paradise. They have evoked in the 
Muslim mind a sense of equilibrium and repose, repeated 
in the art and architecture of Islam. Nature thus did not play 
the negative and dark role that it did in medieval Christianity. 
Rather, it was a fountain of joy and beatitude, as can be seen 
both in the scientific and literary studies of Nature, and in 
the art that was created and cultivated in Islamic civilization. 



9 The Zoological Section of the Nuzhatu-l-Qulub, edited, translated, and 
annotated by J. Stephenson (Oriental Translation Fund, New Series, Vol. 
*XX. London: The Royal Asiatic Society, 1926), pp. 1-9. 



CHAPTER FOUR 

PHYSICS 



Physics in medieval science, as among the Greeks, in- 
cluded the study of “all things that change,” or to use Aris- 
totelian terminology, of all things in the world of generation 
and corruption. In the Islamic world, the study of physics 
(tabilyat), more than any other science, followed the teach- 
ings of Aristotle in its basic outlines. Most of the problems 
posed by Muslim philosophers and scientists in this field were 
set within the framework of the doctrines of form and matter, 
potentiality and actuality, the four causes, and teleology. 
Aristotle was not, of course, followed in eveiy detail, espe- 
cially on the question of motion. Many Muslim writers, fol- 
lowing the example of John Philoponus, were severely critical 
of Aristotle, and formulated several new concepts, such as 
that of impetus, which played an important role in the 
rhangpc that were to occur later in the whole structure of 
physics in the West. 

There were also anti-Aristotelian philosophers, such as 
Rhazes, whose approach to the study of Nature differed es- 
sentially from that of the Stagirite. Since such critics, how- 
ever, usually adopted the Hermetical and alchemical perspec- 
tive, we cannot classify their doctrines as physics, in the 
sense in which the term is understood in either the Peri- 
patetic or modem science. There were also the Illuminatists, 
who like Plotinus constructed a physics based upon the 
symbolism of light; they also do not belong, strictly speaking, 
with the physicists so much as with the “theosophers” and 
gnostics, whose perspectives they generally shared. 

Many of the “new” ideas regarding time, space, the nature 
of matter, light, and other basic elements of medieval physics 
came, not from the philosophers, who were mostly bound by 
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the ideas of their Greek predecessors, but rather from the 
theologians, who usually opposed the Peripatetics. In the 
writings of such theologians as Abud-Barakat al-Baghdadl, 
Fakhr al-DIn al-RazI, and Muhammad al-Baqillanl, who may 
be regarded as the “philosopher of Nature” of the dominant 
Ash c arite school of Sunni theology, one finds doctrines of 
much interest. The theologians departed from the path of the 
Peripatetics and became the founders of a distinct world 
view. Although they were bound as theologians to those 
problems connected with the faith, they were not restricted to 
the premises of the Peripatetic philosophy, and were there- 
fore among the severest critics of Aristotelian physics, much 
of which they rejected in favor of a different conception of 
time, space, and causality. 

The study of physics among both the philosophers and the 
theologians was based on ratiocination, and was usually not 
dependent upon direct observation. In contrast with later cen- 
turies, therefore, it was not the rationalists in medieval times, 
but the gnostics and alchemists, who appealed to the direct 
observation of Nature. Yet, for the latter group, the outward 
and physical aspects of things did not serve as data for 
rational analysis, but rather as the occasion for intellection 
and “recollection”; the phenomena of Nature were for them 
symbols, not merely facts. 

There was also a third group who did observe and perform 
experiments, and in that way sought to analyze the meaning 
of the sensible aspects of Nature. There were, among this 
group, several important students of optics, such as Qutb 
al-DIn al-Shlrazi, and the most famous of all Muslim physi- 
cists, Alhazen, as well as al-BIrOnl, who measured the specific 
weights of minerals, and Abud-Fath <Abd al-Rahman al- 
Khazinl, 1 who also dealt with the measurement of densities 
and gravity. This sort of physics, which resembles the works 
of Archimedes — at least in approach, if not always in tech- 
niques and results — is of much interest from the point of view 
of modern science, whose unilateral approach to Nature is 
based upon a somewhat similar perspective. But from the 
point of view of Islamic civilization, such studies, as well as 
those dealing with automata and various types of machines, 
occupy a secondary and peripheral role in the total scheme 
of knowledge. They should always be so regarded, therefore, 
if medieval Islamic civilization is to be seen in its own per- 
spective. To make the periphery the center, and the center the 



* See below, pp. 133 fL 
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periphery, would be to destroy the fundamental relationships 
upon which the harmony of the sciences of the medieval 
world was based. Such studies as the optics of Alhazen, 
which from the modern standpoint of the “progressive growth 
of science” may seem to be of the utmost importance, have 
never stood at the heart of Islamic intellectual life, which has 
focused its interest on the unchanging rather than on the 
changing aspects of cosmic manifestation. These studies are, 
to be sure, of much interest to Islamic science, but they 
should never be regarded as synonymous with it. 



A. Alhazen (Ibn al-Haitham) 



Alhazen is undoubtedly the greatest student of optics be- 
tween Ptolemy and Witelo. He was an outstanding mathe- 
matician and astronomer and even a philosopher, in addition 
to being a physicist whose attainments have led certain mod- 
em authorities to place him as the greatest of the medieval 
students of physics. 

Alhazen made significant contributions to the study of mo- 
tion in which he discovered the principle of inertia, to celes- 
tial physics and to the science of statics, but he transformed 
the study of optics and made it into a new science. Before 
him Muslim scientists had been acquainted with the Optics 
of Euclid, with Theon’s recension, the works of Heron and 
Archimedes, the studies on curved mirrors of Anthenios, and 
the remarkable studies on refraction by Ptolemy. Euclid’s 
Optics in fact became known in the West through the re- 
cension of al-Kindi as De Aspectibus. Also Muslim physicians 
such as Hunain ibn Ishaq and Rhazes studied the eye inde- 
pendently, but in general the Greek sources were more or 
less followed. 

Of course, Alhazen also depended on these sources, on 
Euclid and Ptolemy, on Aristotle’s Meteorology and on the 
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Conics of Apollonius, but he transformed the basis of the 
study of optics and made it a well-ordered and defined disci- 
pline. He combined elaborate mathematical treatment with 
well-conceived physical models and careful experimentation. 
Like Archimedes he was both a theoretical and experimental 
physicist. He made experiments to determine the rectilinear 
motion of light, the properties of shadows, the use of the lens, 
the camera obscura, that he studied mathematically for the 
first time, and many other essential optical phenomena. He 
even had a lathe on which he made curved lenses and mirrors 
for his experiments. 

In catoptrics, in which the Greeks had already made im- 
portant discoveries, Alhazen’s notable contribution was in the 
study of spherical and parabolical mirrors. He studied spheri- 
cal aberration and realized that in a parabolical mirror all 
the rays are concentrated at one point so that it is the best 
type of burning mirror. Alhazen’s problem in optics is in fact 
connected with reflection from a spherical surface: From two 
points in a plane of a circle to draw lines meeting at a point 
at the circumference and making equal angles with the nor- 
mal at that point. This leads to a fourth-degree equation, 
which he solved by the intersection of a hyperbole and 
circle. 

In refraction his contributions are more outstanding. He 
applied the rectangle of velocities at the surface of refraction 
centuries before Newton and believed in the principle of 
“least time.” He made careful experiments by placing a 
graduated cylinder in water to measure the angle of refrac- 
tion. Although acquainted with sine function, Alhazen pre- 
ferred to work with chords. Otherwise he would most likely 
have discovered Snell’s Law which he did discover for small 
angles where the angle itself can be substituted approximately 
for the sine. He also studied refraction through glass cylinders 
and spheres and sought to determine the magnifying effect of 
the plano-convex lens. 

The third field of optics in which Alhazen made significant 
discoveries was that of atmospheric phenomena. There, he de- 
termined the amount of atmospheric refraction by measuring 
the distance of a fixed star from the pole at the time of rising 
and at zenith with the help of an armilla. The phenomena of 
dawn and twilight and the apparent change in size of the Sun 
and Moon on the horizon were also of much interest to him 
and he explained them after making a thorough analysis. He 
determined that twilight ends when the Sun is 19° below the 
horizon. Rainbows also interested him, and although he did 
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not apply refraction to them, he explained the rainbow on 
the principle of reflection more completely than Ptolemy. 

Finally among his contributions one must mention his 
study of the physiology of the eye and the problem of vision. 
Like his contemporaries Avicenna and al-BTrunl, Alhazen 
believed that in the process of vision light travels from the 
object to the eye. Moreover, he analyzed the role of the eye 
as a lens and tried to unravel the mystery of how one sees 
by combining his knowledge of physics and medicine. His 
study of the physiology and diseases of the eye belong as 
much to the history of Islamic medicine as to optics itself. 

After Alhazen there was a decline in the study of optics 
in the Muslim world to such an extent that by the sixth/ 
twelfth century even such a great scientist as Naslr al-Dln 
al-TusT was not acquainted with his contributions. Only in the 
seventh/ thirteenth century, most likely as a result of the in- 
fluence of Suhrawardl’s philosophy of Illumination, the study 
of optics became once again popular and in fact a new 
branch of science called the science of the rainbow came into 
being in Persia. Qutb al-Dln al-Shlrazi, who was also a 
commentator of Suhrawardi, gave the first correct qualita- 
tive explanation of the rainbow by stating that it is caused by 
both reflection and refraction. His student, Kamal al-Dln 
al-FarsI, wrote a commentary upon Alhazen’s masterpiece 
in optics, Optics (Kitab al-manazir) , and brought the study 
of optics to its last brilliant period in the Muslim world. 
Meanwhile, Alhazen’s writings were becoming well-known in 
the West, and his Optics especially left a profound effect on 
every student of this subject. His magnum opus, the Opticae 
Thesaurus, in Latin, was printed in the tenth/ sixteenth century 
and his influence is to be seen in the optical studies of Kepler. 

The following selection from A Discourse on the Concave 
Spherical Mirror is an excellent example of how Alhazen ap- 
proached the subject of optics. 



A Discourse by Al-Hasan Bin Al-Hasan Bin 
Al-Haitham on Burning Mirrors of Circular Shape 

The sun’s rays proceed from the sun along straight lines and 
are reflected from every polished object at equal angles, i.e. the 
reflected ray subtends, together with the line tangential to the 
polished object which is in the plane of the reflected ray, two 
equal angles. Hence it follows that the ray reflected from the 
spherical surface, together with the circumference of the circle 
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which is in the plane of the ray, subtends two equal angles. 
From this it also follows that the reflected ray, together with 
the diameter of the circle, subtends two equal angles. And every 
ray which is reflected from a polished object to a point pro- 
duces a certain heating at that point, so that if numerous rays 
are collected at one point, the heating at that point is multi- 
plied: and if the number of rays increases, the effect of the 
heat increases accordingly. 

(a) In the case of every concave mirror of spherical con- 
cavity, which is less than a hemisphere, placed opposite to the 
sun so that its axis if produced would end at the body of the 
sun, the rays which proceed from the body of the sun along 
lines parallel to the axis of the mirror are reflected from the 
surface of the mirror to its axis. And the axis of the mirror is 
the diameter of the sphere, which (diameter) is at right angles 
to the diameter of the base of the mirror. 

Given a concave spherical mirror, let its axis be DB and its 
centre (of curvature) D (Fig. 1). Let a point Z be on the 
surface of the mirror, and let the line HZ be one of the rays 
which proceeds from the sun and parallel to the axis. I state 
that the line HZ is reflected to the axis. 

Proof of that: — 

Let us imagine the line DZ joining the points D and Z. The 
lines HZ, ZD, DB, lie in a plane surface. And let us imagine 
that that surface cuts the sphere, thus forming an arc in the 
surface of that mirror whose radius is DB and whose centre 
is D; let it be the arc ABG. We draw the line ZC at an angle 
equal to Z HZD, i.e. Z DZC. 

. Now since the arc ABG is less than a semicircle, the arc BZ 
m less than a quadrant. Thus Z ZDC < a right angle. The line 
HZ is parallel to the line DC. Therefore, Z HZD < a right 
angle. And Z DZC = Z HZD, and is therefore < a right 
angle. Similarly for Z ZDC. . • . The line ZC meets the line 
DB. Let it meet it at the point C, and let the ray HZ be reflected 
from the surface of the mirror at equal angles. . • . It is re- 
flected along the line ZC, and meets the axis DB. Similarly 
every ray which proceeds parallel to the axis and ends at a 
point on the surface of the mirror is reflected to the axis, and 
this is what we wished to demonstrate. 

If we keep the axis DB fixed and rotate the arc AB it gen- 
erates the surface of the mirror. We draw through the point Z 
on the surface of the mirror a circle every point of which is 
equidistant from the point C. Thus the rays which proceed 
parallel to the axis and end at the circumference of this circle 
nre all reflected to the point C, and so the relation of every 
point on the surface of the mirror, with respect to the point C 
on the axis, is the same as that of the whole circle which the 



132 



Science and Civilization in Islam 



A 




point (Z) generates when the arc rotates. From what we have 
said it is clear that rays are not reflected, to a (particular) 
point (C) on the axis, from within the circumference of the 
circle in the surface of the mirror. 

(b) If the rays from the circumference of a circle in the 
surface of the sphere are reflected to a (particular) point on 
the axis of a concave spherical mirror no other rays are re- 
flected to it from the surface of the sphere. Let there be a 
spherical concave mirror and let the arc which intersects its 
axis be the arc ABG, and let its axis be DB, and let rays be 
reflected to the axis from the circumference of one of the 
circles which fall within the sphere (i.e.) from the point Z. 
Accordingly, I say that no other ray is reflected from 
the point Z except the rays which are reflected from that 
circle. 2 



2 From the translation of H. J. J. Winter and W. ‘Arafat, “Discourse on 
the Concave Spherical Mirror,” Journal of the Royal Asiatic Society of 
Bengal , Vol. XVI, No. 1 (1950), pp. 2-3. Reprinted by permission of the 

Asiatic Society. 
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A contemporary of Alhazen, but from the other side of 
the Islamic world, in Eastern Persia, al-BIrunl was perhaps 
the greatest compiler and scholar in this fruitful period of 
Islamic history, and had a knowledge of geography, chronol- 
ogy and comparative religion never since surpassed in the 
Islamic world. 

He was also the most outstanding astronomer and mathe- 
matician of his day: his Elements of Astrology remained a 
textbook in the teaching of the Quadrivium for centuries, 
while his major astronomical opus, the Qanun al-Mas'Qdi 
is undoubtedly the most comprehensive text of Islamic astron- 
omy. Certain of his other astronomical works contain param- 
eters of Babylonian astronomy not seen in the extant Greek 
texts. 

Al-BIrOnl also made a deep study of philosophy and 
physics. Although most of his philosophical works are lost, 
there is little doubt that he opposed the Peripatetic school on 
many points. In his letters to Avicenna, which have fortu- 
nately survived, al-BIrunl discusses and questions, with his 
usual lucidity, some of the basic tenets of the Peripatetic 
physics which was dominant in the teaching of most of the 
schools of his time. He shows considerable independence with 
respect to Aristotelian philosophy, and is severely critical of 
several points in the Peripatetic physics, such as the ques- 
tion of motion and place, which he attacks, not only by an 
appeal to reason, but also by the use of observation. 

The following selections drawn from a series of corre- 
spondence exchanged between al-BIrunl and Avicenna show 
his characteristic modes of thought and inquiry in scientific 
problems. 



Questions Asked of Avicenna by Al-BirOnI 

Question 1. On the possible gravity of the heavens, their 
circular motion and the denial of the natural place of things. 

Since the heavens have no motion toward or away from the 
center, Aristotle has not accepted the idea of the gravity of the 
heavens. However, such reasoning by Aristotle does not really 
aim at the desired end. It is possible to imagine that the heavens 
do possess a gravity which, however, does not cause them to 
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move toward the center, in so far as each part of the heavens 
is like every other part Having hypothesized their gravity, 
one may then say that, whenever by nature they are moved 
toward the center, their connected forms prevent them from 
moving so. It is because of their forms, therefore, that they 
remain stationary about the center. It is also conceivable that 
the heavens should possess levity, and that that levity could 
not cause them, nevertheless, to move away from the center, 
because motion could only take place when the parts of the 
heavens became separated from each other, or when a vacuum 
existed outside the heavens, so that the parts either moved or 
became fixed in that vacuum. Because it has been ascertained 
and proven that the dispersing of the parts of the heavens is 
impossible and the existence of a vacuum absurd, it follows 
that the heavens are themselves a hot fire assembled and con- 
fined in a place from which departure is impossible. Conse- 
quently, the levity or gravity of the heavens is not dependent 
upon the absurd ideas of [Aristotle]. 

As to only circular motion being possible for the heavens, 
it may be that the heavens are by essence and nature the source 
of rectilinear motion, and only by force and accident the source 
of circular motion, as is the case with the stars, which move 
by nature from East to West, and by force from West to East. 

The presence of each element in its natural place is not cer- 
tain. The natural place of gravity (i.e., the downward direc- 
tion) is at the center, and the natural place of levity (i.e., the 
upward direction) is at the circumference. Yet the center is 
nothing but a point; and a part of the earth, no matter how 
small we conceive it to be, cannot fit at the center. As for the 
circumference, neither can it hold any body in such a way 
that a light body may ascend to it, since it is an imagined sur- 
face area. Furthermore, if we allow water to flow freely, tak- 
ing away any obstacles in its path, undoubtedly it will reach 
the center; therefore, the assertion that the natural place of 
water is above the earth is without any basis. Consequently, 
there is no "natural place” for any body. On such a basis, he 
who says that the heavens are indeed heavy, but that it is their 
being attached that prevents their falling does not appear 
absurd. 

* • • • 

Question 4. On the continuity and discontinuity of matter 
and space. 

Why has Aristotle rejected the assertion of the theologians 
that a body consists of indivisible parts, and why has he chosen 
instead the assertion of the philosophers that bodies are in- 
finitely divisible, even though the wickedness of the philoso- 
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phers’ beliefs is greater than the disgracefulness of the theo- 
logians’ opinions? According to the philosophers, who consider 
bodies to be connected and infinitely divisible, it is necessary 
that a rapidly moving body not touch a preceding but more 
slowly moving body. The touching of a preceding body by a 
succeeding one is inevitable, if the succeeding body traverses 
the intermediate distance, but the traversing of that distance 
requires the traversing of its parts. Since the parts of that dis- 
tance are infinite in number, how can one imagine that the 
distance can be crossed? Therefore, no succeeding body can 
reach a preceding one. It is necessary to give an example to 
prove this point. If there is a definite distance assumed between 
the Moon and the Sun, and both bodies are moving at that 
distance, it should be impossible for the Moon to reach the 
Sun, even though the motion of the Moon is much faster than 
that of the Sun. However, such is not the case; by observation 
it is found that the Moon does in fact overtake the Sun, though 
such an event brings disgrace and shame upon those who hold 
to the view of infinite divisibility so well-known and well- 
established among the geometers. What happens to the phi- 
losophers is thus more disgraceful than what happens to the 
theologians. How then can one escape what has befallen these 
two groups? 

To this argument, Avicenna answered that, according to 
Aristotle, infinite division cannot always be performed actu- 
ally, but may sometimes exist only potentially; al-Birum’s 
criticism, however, applies only to division in actuality. 

This is how al-BIrunl replied: 

Abu 'All [Avicenna] has learned this answer from Muham- 
mad ibn Zakarlya al-RazI. Muhammad ibn Zakarlya has said 
that, if for each of these objects, i.e., parts of a body, there be 
two sides and a middle, division can be carried out indefinitely, 
which is impossible. When you say “actually,” I do not under- 
stand the meaning of that expression. For no matter how finely 
you grind collyrite, you will never actually reach that part 
of which you speak, because the actual division will come to 
a halt before you reach it. In any case, potentiality remains 
in its place. Also, according to your view, it becomes necessary 
that the side of the square be equal to its diagonal; if you deny 
it, you have opposed your own principles. Or you may say that 
between the parts there is a separation; in this case, I ask if 
the separation is greater or smaller than the indivisible parts. 
[What al-Birunl means is that if a square consists of indi- 
visible parts, the number of parts on the side and in the diagonal 
must be equal, as in the figure shown. 
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If the indivisible parts were to be connected, side and diagonal 
would be equal, which is impossible. And if the parts were to 
be connected on the sides, but remain separated on the diagonal, 
there would have to be space between them. If these spaces 
were equal to the indivisible parts, the diagonal would be twice 
the side, a conclusion which is also impossible. Therefore, the 
spaces must be smaller or larger than the indivisible parts, thus 
indicating that the indivisible parts possess quantity, and can 
therefore be divided.] 

• • • • 

Question 6. On the possible elliptical shape of the heavens. 

Aristotle has mentioned in his second article that elliptical 
or lentil-shaped figures need a vacuum in order to have circular 
motion, while a sphere has no need of a vacuum. Such, how- 
ever, is not the case, for the elliptical figure is formed by the 
rotation of the ellipse about its major axis, and the lentil- 
shaped figure by the rotation of that same ellipse about its 
minor axis. Therefore, if in the process of the revolution of the 
ellipses which form these figures, there be contradiction or 
infraction, what Aristotle has claimed does not hold true. 
There remains no necessary condition for those figures different 
from those for the sphere, because if we make the axis of rota- 
tion of the ellipse the major axis and the axis of rotation of 
the lentil-shaped figure the minor axis, they will revolve like a 
sphere, and have no need of a void. The objection by Aristotle 
and his statement become true in the instance where we make 
the minor axis the axis of the ellipse and the axis of rotation 
of the lentil-shaped figure. Still it is possible for the ellipse to 
move about the minor axis and the lentil-shaped figure about 
the major axis, and thus to have no need of a vacuum. In fact, 
they become capable of following one another in succession, 
like the bodies located in the heavens, where there is no 
vacuum, according to the majority of the people. I am not 
saying that according to my belief the shape of the great 
heavens is not spherical, but elliptical or lentil-shaped. I have 
made numerous studies to reject this view, but I do wonder 
at the logicians! 3 

3 Dekhoda, c Afi Akbar, Sharh-i fjal-i nabighih-i shahlr-i Iran Abu Raifran 
Muhammad ibn A ft mad Khwarazml-i Biruril (Tehran: Entisharat-i 
Edareh i Koll-i Negaresh. Vezarat-i Farhang, 1324/1945), 29ff. Trans- 
lated by S. H. Nasr. 
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Al-BlriinT was also much interested in the question of the 
possible motion of the earth around the sun, and even wrote 
a book about it, which is now lost. As an astronomer, he 
realized that this question was a problem not for astronomy 
but for physics. He therefore directed the attention of stu- 
dents of physics to the problem, and he himself studied the 
physical implications of the heliocentric system. At the end 
of his life, after many years of neutrality on this question, 
he finally decided in favor of the geocentric scheme, not for 
astronomical reasons, but because the physics of heliocen- 
tricity seemed to him impossible. 

On the question of Motion of the Earth, he wrote: 

I have seen the astrolabe called ZuraqT invented by Abu 
Sa'Id SijzT. I liked it very much and praised him a great deal, 
as it is based on the idea entertained by some to the effect that 
the motion we see is due to the Earth’s movement and not to 
that of the sky. By my life it is a problem difficult of solution 
and refutation . . . 

It is the same whether you take it that the Earth is in motion 
or the sky. In both cases it does not affect the astronomical 
sciences. It is just for the physicist to see if it is possible to 
refute it. 4 

As regards the resting of the earth, one of the elementary 
problems of astronomy, which offers many and great difficulties, 
this, too, is a dogma with the Hindu astronomers. Brahmagupta 
says in the Brahmasiddhanta: “Some people maintain that the 
first motion (from east to west) does not lie in the meridian, 
but belongs to the earth. But Varahamihira refutes them by 
saying: ‘If that were the case, a bird would not return to its 
nest as soon as it had flown away from it toward the west.’ And, 
in fact, it is precisely as Varahamihira says.” 

Brahmagupta says in another place of the same book: “The 
followers of Aryabhata maintain that the earth is moving and 
heaven resting. People have tried to refute them by saying that, 
if such were the case, stones and trees would fall from the 
earth.” 

But Brahmagupta does not agree with them, and says that 
that would not necessarily follow from their theory, apparently 
because he thought that all heavy things are attracted towards 
the centre of the earth. He says: “On the contrary, if that were 
the case, the earth would not vie in keeping an even and uniform 
pace with the minutes of heaven , the pranas of the times” 

There seems to be some confusion in this chapter, perhaps 

4 Al-BIrunl, Isfl<ab t translated by S. H. Barani in “Al-Biruni’s Scientific 
Achievements,” Indo-Iranica , Vol. V, No. 4 (1952). 
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by the fault of the translator. For the minutes of heaven are 
21,600 and are called prana, i.e., .breaths, because according 
to them each minute of the meridian revolves in the time of 
an ordinary human breath. 

Supposing this to be true, and that the earth makes a complete 
rotation eastward in so many breaths as heaven does according 
to his (Brahmagupta’s) view, we cannot see what should pre- 
vent the earth from keeping an even and uniform pace with 
heaven. 

Besides, the rotation of the earth does in no way impair the 
value of astronomy, as all appearances of an astronomic 
character can be quite as well explained according to this theory 
as to the other. There are, however, other reasons which make 
it impossible. This question is most difficult to solve. 8 



C. Al-Khazini 



A series of noteworthy physicists followed Alhazen and 
al-BIrOnl and continued their study especially in mechanics, 
hydrostatics, and related branches of physics. Also the criti- 
cism of the theory of projectile motion of Aristotle was fol- 
lowed along lines established by Avicenna leading to the im- 
portant studies of Avempace and other later Muslim philoso- 
phers and scientists who exercised much influence upon Latin 
medieval mechanics. In this domain the Muslim scientists 
developed the theory of “inclination” and founded the basis 
of the impetus theory and the concept of momentum which 
were further elaborated by late medieval scientists in the 
West. Moreover, Avempace’s attempt to quantify projectile 
motion by considering the velocity as proportional to the 
difference between the force and the resistance rather than to 
their ratio is of much significance in the light of the later at- 
tempt of Bradwardine and the Mertonian school to describe 
motion quantitatively. 

Of the later Muslim physicists, one of the most important 
is Abud-Fath c Abd al-Rahman al-Khazinl, originally a Greek 

5 AlberunVs India , I, pp. 276-277. 
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glave who flourished in Merv at the beginning of the sixth/ 
jwelfth century, and who continued the study of mechanics and 
hydrostatics in the tradition of al-Birum and the earlier sci- 
entists. He also wrote several works on astronomy and phys- 
ics, among which is The Book of the Balance of Wisdom, 
which is perhaps the most essential Muslim work on me- 
chanics and hydrostatics, and especially the study of centers 
of gravity. Muslim scientists had been acquainted from the 
beginning with Heron’s On the Lifting of Heavy Things, 
which itself reflects some influence of Archimedes. And, al- 
though no evidence exists as yet of the Arabic translation of 
the pseudo-Aristotelian Mechanica or the Equilibrium of 
Planes of Archimedes, the influence of both works and both 
schools in statics is found among Muslim physicists. The 
early Liber Karatonis of Thabit ibn Qurrah already shows the 
presence of the influence of these Greek schools, and it is of 
much interest that in this work Thabit ibn Qurrah tries to de- 
rive the law of the lever from rules of dynamics following 
. the pseudo-Aristotelian tradition, with the emphasis on dy- 
namics and center of gravity that was contrary to the ap- 
proach of Archimedes. 

The preoccupation with mechanics and especially with 
laws of simple machines is also to be seen in the writings of 
the Banu Musa and some of the apocryphal treatises attrib- 
uted to Avicenna, while the study of hydrostatics was caflied 
out with much success by al-BIrOnl and also by c Umar 
Khayyam. Al-Khazini marks a further development in this 
school. He combined an interest in hydrostatics with me- 
chanics and concentrated especially on the concept of the 
center of gravity as applied to balance. In his efforts he was 
followed a century later by Abu 3 l- c Izz al-Jazari, whose Book 
of Knowledge of Ingenious Geometrical Contrivances is the 
definitive work on mechanics in the Islamic world. He was in 
turn followed by Qaysar al-Hanafl, who was especially expert 
on the mechanics of the water wheel. It was he who con- 
structed the famous celestial globe that survives today in the 
national museum of Naples. 

Just as the Muslims made the study of the rainbow into a 
separate science so did they create a separate science of the 
balance in which al-Khazinl was the undisputed master. His 
Book of the Balance of Wisdom is the outstanding work in 
this science in which he also discussed the view of earlier 
scholars including Rhazes, Khayyam and al-BIrunl. It is par- 
ticularly of interest that al-Khazinl describes an instrument 
that, according to him, al-BIrunI used in his famous measure- 




